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71 Ferroelectric and antiferroelectric liquid crystals

Liquid crystals are grouped into two: 71 A which exhibits the ferroelectric hysteresis loops as shown in
Fig. IB-1 in Introduction, and 71B which exhibits the antiferroelectric hysteresis loops as in Fig. IB-2.
Triple hysteresis loops appear in some phases in the group 71B. Such phases are often called "ferrielectric"
and indicated by F’ in this section.

71A Ferroelectric liquid crystals

No. 71A-1 DOBAMBC and analogues

(A) C,,Hz,,ﬂO—@—CH=N—©—CH=CHCOOCH;CH(CH3)C2H5
n =5: POBAMBC (p-pentyloxybenzylidene p’-amino 2-methylbutyl cinnamate)
n = 6: HOBAMBC (p-hexyloxybenzylidene p’-amino 2-methylbutyl cinnamate)
n =7: HpOBAMBC (p-heptyloxybenzylidene p’-amino 2-methylbutyl cinnamate)
n =8: OOBAMBC (p-octyloxybenzylidene p’-amino 2-methylbutyl cinnamate)
n=9: NOBAMBC (p-nonyloxybenzylidene p"-amino 2-methylbutyl cinnamate)
n =10: DOBAMBC (p-decyloxybenzylidene p’-amino 2-methylbutyl cinnamate)
n =12: DDOBAMBC (p-dodecyloxybenzylidene p’-amino 2-methylbutyl cinnamate)
n = 14: TDOBAMBC (p-tetradecyloxybenzylidene p’-amino 2-methylbutyl cinnamate)

la Possibility of the ferroelectric activity of L-DOBAMBC in the smectic C* phase was 75Mey
reported by Meyer et al. in 1975.
Ferroelectric hysteresis loops were observed in the smectic C* and the H* phases by 77Yo0s
Yoshino et al. in 1977.
b phase v 111 II | r 76Kel,
crystalline | smectic H* | smectic C* | smectic A isotropic ~ 79Yos,
solid (Sm H") (Sm C" (Sm A) liquid 80Kon
state F F P
@[°C] n=5 55.5 79 81
6 62.5 76 86
7 75 (71) 94
8 74.5 (68) 93 118
9 75 (65) 95.5
10 76 (63) 92
12 60 87
14 72.5 86 (): cooling
Phase diagram of mixtures:
(DOBAMBC)—(PAA): Fig. 71A-1-001.
(DOBAMBC)—~(DOBA-1-MPC): Fig. 71A-1-002.
(DOBAMBC)-(HDOBAMBC): Fig. 71A-1-003.
(DOBAMBC)—(4-methoxybenzylidene aminocinnamic acid n-butyl ester): see 82Ima

Phase diagram in external magnetic field: Fig. 71A-1-004;
see also Fig. 71A-1-057 in subsection 12.

3b

Tilt angle and helical pitch in the Sm C* phase: Fig. 71A-1-005, Fig. 71A-1-006,

Fig. 71A-1-007, Fig. 71A-1-008, Fig. 71A-1-009 , Fig. 71A-1-010, Fig. 71A-1-011,
Fig. 71A-1-012, Fig. 71A-1-013, Fig. 71A-1-014, Fig. 71A-1-015;
see also Fig. 71A-1-032, Fig. 71A-1-033, Fig. 71A-1-034 in subsection 5c.
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71 Ferroelectric and antiferroelectric liquid crystals 1137

5a Dielectric constant: Fig. 71A-1-016, Fig. 71A-1-017.
Dielectric dispersion: Fig. 71A-1-018, Fig. 71A-1-019, Fig. 71A-1-020,
Fig. 71A-1-021, Fig. 71A-1-022, Fig. 71A-1-023, Fig. 71A-1-024.
Dielectric constant of (DOBAMBC), (PAA),: Fig. 71A-1-025.
x’ vs. T under various pressures: Fig. 71A-1-026.
x” vs. Tunder various pressures: see 85Yas
Phase diagram in regard to hydrostatic pressure: Fig. 71A-1-027, Fig. 71A-1-028.

b Effects of measuring electric field and dc bias field: Fig. 71A-1-029, Fig. 71A-1-030.
¢ Spontaneous polarization: Fig. 71A-1-031, Fig. 71A-1-032, Fig. 71A-1-033,

Fig. 71A-1-034; see also 84Tak
Spontaneous polarization of mixtures: Fig. 71A-1-035, Fig. 71A-1-036;
see also 82Ima

Effect of hydrostatic pressure on Py: Fig. 71A-1-037.
Coercive field: Fig. 71A-1-038.

d Pyroelectric coefficient: see Fig. 71A-1-034.
Relaxation time of pyroelectric response: Fig. 71A-1-039.

6a Heat capacity: Fig. 71A-1-040, Fig. 71A-1-041.
7a Shear flow induced voltage: Fig. 71A-1-042, Fig. 71A-1-043.

9a Refractive indices: Fig. 71A-1-044.
Birefringence: Fig. 71A-1-045.
Transmission: Fig. 71A-1-046, Fig. 71A-1-047.

b Effect of Ey;,s on transmission of light: Fig. 71A-1-048.

Threshold field of electro-optic effect: Fig. 71A-1-049.

Response time of electro-optic effect: see 78Yos,
79Iwa,
80Cla,
79Yos,
84Yosl,
84Yos2,
850za

¢ Acoustical phenomena: see 84Kap
d Optical activity: Fig. 71A-1-050, Fig. 71A-1-051, Fig. 71A-1-052, Fig. 71A-1-053.
e SHG: Fig. 71A-1-054.

Nonlinear optical susceptibility under applied electric field: Fig. 71A-1-055;
see also 87Yos

11  Electrical conductivity: Fig. 71A-1-056.

12 Phase diagram for magnetic field: Fig. 71A-1-057.
13a NMR of "°C: Fig. 71A-1-058, Fig. 71A-1-059.

14b Phason dispersion by light scattering: Fig. 71A-1-060.
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(B) C,H,,10-()—CH=N-()~CH=CHCOOCH(CH;)C,Hjm+1
p-alkoxybenzylidene p’-amino-1-methylalkyl cinnamate
n =10, m=2: DOBA-1-MPC
n=10, m =3: DOBA-1-MBC
n =10, m =4: DOBA-1-MPeC

1b phase v I #) I I I 84Sak
crystalline smectic” smectic C* | smectic A isotropic
solid (Sm") (Sm C") (Sm A) liquid
state F F P
o[°C]
m=2 n=6 75 80 98 119
10°) 41 61 89 106
14 58 86 98
18 61 62 83
m=3 n=38 76 82 86
10 73 83 85
14 63 79
") Undefined chiral smectic phase.
®) See also Fig. 71A-1-002.
3b Helical pitch: Fig. 71A-1-061.
Tilt angle: see Fig. 71A-1-067 in subsection 5c and also 90Lev
5a Dielectric constant: Fig. 71A-1-062, Fig. 71A-1-063, Fig. 71A-1-064.
¢ Spontaneous polarization: Fig. 71A-1-065, Fig. 71A-1-066, Fig. 71A-1-067; see also 90Lev
6a Heat capacity: Fig. 71A-1-068.
(C) C,Hz110—()-CH=N-{)-COOCH,CH(CH3)C,H;
2-methylbutyl 4-(4-alkoxybenzylidene-amino) benzoate
1b phase I II I I 85Kon
crystalline smectic C* smectic A isotropic
solid (Sm CH (SmA) liquid
state F P
@[°C] n=7 46.1 (35.2) 61.4
8 413 (39.3) 66.0
9 59.8 (41.6) 66.0
10 52.0 (42.2) 68.0
12 47.5 (40.6) 68.5 (): cooling
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Fig. 71A-1-001. (DOBAMBC), ((PAA),. Ovs. x [80Uem]. PAA: p-azoxyanisole.

130
E liquid
/
10 — S
—
SmA
90
SmC*
70
— | /
50 SmH* °
o L |
0 0.2 0.4 0.6 0.8 10
(R)-DOBA-1-MPC X (S)-DOBAMBC
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Fig. 71A-1-004. DOBAMBC. Phase diagram for B [84Bli]. B: magnetic flux density. Unmodulated SmC phase is
induced in the high B region.
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Fig. 71A-1-005. DOBAMBC. @ vs. T — @ near G [§1Mar]. €: tilt angle. Full line and open circle: homeotropic
geometry (optical measurement). Dashed line: homogeneous geometry (optical). Dot-dashed line: homogeneous
geometry (X-ray).
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Fig. 71A-1-006. DOBAMBC. p vs. T'— Gy 1 [780st1]. p: helical pitch.
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Fig. 71A-1-007. DOBAMBC. p vs. T — 6| [84Mus]. p: helical pitch. A: wavelength of light. Full circle: 1 = 647.1 nm.
Open circle: 1 =647.1 nm.
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Fig. 71A-1-008. DOBAMBC. p vs. T— 6 [90Lev]. p: helical pitch.
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Fig. 71A-1-010. DOBAMBC, DOBAMBCC, TDOBAMBCC, HOBACPC. 8 vs. T — @y in monodomain specimen
[76Mar]. @: tilt angle. Full line and open circle: homeotropic.

10 /
" |
15

5
L
0
0 0.2 0.4 0.6 0.8 10
D-DOBAMBC X L-DOBACPC

Fig. 71A-1-011. (DOBAMBC), (DOBACPC),. p vs.x at T = G 1 — 1 K [80Yo0s]. p: helical pitch. x: molar fraction
of L-DOBACPC in the mixture with D-DOBAMBC.
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Fig. 71A-1-012. (DOBAMBC), ((DOBACPC),. p vs. T — 6 [81Uem]. p: helical pitch. Parameter: x. x: molar
fraction of DOBACPC in the mixture with DOBAMBC.
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Fig. 71A-1-013. OOBAMBC. p vs. T— Gy | [84Tak]. Parameter: cell thickness. p: helical pitch.
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Fig. 71A-1-014. OOBAMBC. p vs. t [82Kon]. Parameter: 7— &y ;. p: helical pitch. #: cell thickness.
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Fig. 71A-1-016. DOBAMBC. xvs. T[77Yos]. f=150 Hz.
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Fig. 71A-1-017. DOBAMBC. xvs. T [83Yos]. Parameter: cell thickness. /=30 Hz.
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Fig. 71A-1-018. DOBAMBC. «’ vs. T between 30 Hz and 10 kHz [83Yos]. Parameter: /. Cell thickness: 2.3 pum.
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Fig. 71A-1-023. DOBAMBC. 7 vs. T— @ [78Hof]. 7: dielectric relaxation time.

Landolt-Bérnstein
New Series I11/36C



71 Ferroelectric and antiferroelectric liquid crystals 1149

18
9 Oy -7
168N 112k
. 2 10
5 7 8
- 4 85
14 -\
5\\3 5 45
4 X 6 3
‘12 23‘:\\\\\\& 702
3 8 1
4 N& 9 05K
10

\

A

6
SmA %
1 4, =
L
20 10? 103 Hz 1042104

f —

Fig. 71A-1-024. DOBAMBC. «’ vs. f[780st2]. Parameter: @ ;— 7. f: measuring frequency.

10 i
f=30Hz .
8
015

A0

K Jziw# (SATVE. N

0
20 40 60 80 00 °C 120
7

Fig. 71A-1-025. (DOBAMBC), (PAA),. k vs. T [80Uem]. Parameter: x. f= 30 Hz. PAA: p-azoxyanisole.
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Fig. 71A-1-026. DOBAMBC. «’ vs. T [85Yas]. Parameter: p. f= 100 Hz. Arrows indicate transitions.
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Fig. 71A-1-028. OOBAMBC. p vs. ©[84Pra]. p: hydrostatic pressure. @: phase transition temperature.
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Fig. 71A-1-029. DOBAMBC. « vs. E [84Mar]. Parameter: /. E: measuring electric field. 7= 82 °C.
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Fig. 71A-1-034. DOBAMBC, HOBACPC, MBOPE DOBA. P, p vs. T [81Ber]. p: pyroelectric coefficient.
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175 T 175
107°| £ —60Hz
C/m? Hmax
150 // \ 150
125 // )(125
l 100 v 100 r
s .y 75 &
/ @mux
50 50
° pitch
25 max, 47?25
0 J 0
0 0.2 04 06 08 10
0- DOBAMBC X L-DOBACPC

Fig. 71A-1-035. (DOBAMBC), (DOBACPC),. P; max> Kmax VS- X [81Y0s]. Py max,: maximum spontaneous polariza-
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Fig. 71A-1-041. DOBAMBC. C, vs. T [770st2]. C,: molar heat capacity at constant pressure.
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Fig. 71A-1-043. DOBAMBC. V, vs. T [75Pie]. V},: shear flow induced voltage. Shear rate: 7.58 - 10° ms™.
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Fig. 71A-1-044. DOBAMBC. n,, n, vs. T [84Tak]. Open circle: A =2.68 um. Full circle: 2 = 633 nm.
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Fig. 71A-1-046. DOBAMBC. T'vs. 1/4 at RT [85Yo0s]. T: transmission.
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Fig. 71A-1-048. DOBAMBC. Contrast ratio vs. A [85Yos]. Parameter: V. V: applied electric field. Cell thickness:
100 pm. 7= 80 °C.
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Fig. 71A-1-049. DOBAMBC, HOBACPC. E¢+ _, ¢ vs. T— Gy [84Y0s2]. Ec+ _, ¢: threshold field of Sm C* — Sm C

transition.
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Fig. 71A-1-050. DOBAMBC. g1 + g33 cot’ 0 vs. T— Gy [81Ues]. 211, Z33° gyration tensor components. 0: tilt angle.
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Fig. 71A-1-051. DOBAMBC. 5y, + n3 cot? O vs. T — Oy [81Ues]. 721, #31: electro-gyration coefficients for E.
o: tilt angle.
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Fig. 71A-1-052. DOBAMBC. p vs. T [78Tak]. p: rotatory power. 2 = 632.8 nm.
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Fig. 71A-1-054. DOBAMBC. I, vs. T — Gy [81Vty]. I: relative intensity of second harmonic generation. Oriented
field £=100 kV m ™.
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Fig. 71A-1-055. DOBAMBC. d vs. T— 6 [85Sht]. d : effective nonlinear susceptibility.
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Fig. 71A-1-056. DOBAMBC. log o, vs. 1/T [88Jub]. oy: dc electric conductivity [-107"2 Q™' m™'] of magnetic field
oriented specimen perpendicular to magnetic field. AU: activation energy for electric conduction. Iso: isotropic.
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Fig. 71A-1-057. DOBAMBC. T — @ vs. B [82Mus]. B: magnetic flux density.
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Fig. 71A-1-058. DOBAMBC. ¢ vs. T [80Luz]. o: chemical shift of 3C. Numerals from 1 to 22 denote different
carbons in the molecule.
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Fig. 71A-1-060. DOBAMBC. 7, " ys. q. — 9o [88Mus]. 7,: slow mode (phason) relaxation time determined by optical-

mixing spectroscopy. The scattering vector g, is || to the helical axis. go: position of the diffraction spot. G ;—T=0.1 K.
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Fig. 71A-1-062. DOBA-1-MBC. x vs. T'[84Y0s3]. f= 30 Hz. Cell thickness: 50 um.
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Fig. 71A-1-064. DOBA-1-MPC, DOBA-1-MBC. x’ vs. f[84Y0s3]. f: measuring frequency.
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Fig. 71A-1-065. DOBA-1-MBC. P vs. T [84Yo0s3]. f= 500 Hz. Cell thickness: 50 pm. Insert indicates typical hys-
teresis loops at 500 Hz and 50 Hz.
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Fig. 71A-1-066. DOBA-1-MPC. P, vs. T [84Yo0s3]. f= 100 Hz. Cell thickness: 50 wm.
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No. 71A-2 AOBACPC and analogues

(A) CyHyy0—()—CH=N-()-CH=CHCOOCH,CHCICH;
AOBACPC (p-alkoxybenzylidene p’-amino-2-chloropropyl cinnamate)
n = 6: HOBACPC (p-hexyloxybenzylidene p’-amino-2-chloropropyl cinnamate)
n = 8: OOBACPC (p-octyloxybenzylidene p’-amino-2-chloropropyl cinnamate)
n =10: DOBACPC (p-decyloxybenzylidene p’-amino-2-chloropropyl cinnamate)

Ib n=6 (HOBACPC)
phase VI v v I II I I 85Cla

crystalline |smectic X |smectic G” |smectic I" |smectic C”* |smectic A | isotropic
solid | SmX) | (SmG™) | SmTIY) | (SmC) | SmA) | liquid

state F F F P

@[°C] | heating: 19.9 58 68.0 74.8 82 136.3
cooling: 58 66.8 73.8 82 133.5

3b Smectic layer spacing: Fig. 71A-2-001.
Helical pitch of HOBACPC: Fig. 71A-2-002.
Helical pitch of DOBACPC: see Fig. 71A-1-011, 71A-1-012 in No. 71A-1.
Critical field for helical to unwinded structure: Fig. 71A-2-003.
Tilt angle of HOBACPC: see Fig. 71A-1-010 in No. 71A-1.

5a Dielectric constant: Fig. 71A-2-004, 71A-2-005, Fig. 71A-2-006, 71A-2-007.
Phase diagram in regard to hydrostatic pressure: 71A-2-008.
Maximum dielectric constant of (DOBAMBC)—(DOBACPC): see Fig. 71A-1-035 in
No. 71A-1.

¢ Spontaneous polarization: 71A-2-009.
Spontaneous polarization of HOBACPC: see 71A-1-034 in No. 71A-1.

Spontaneous polarization of HOBACPC, OOBACPC, DOBACPC: see 80Yo0s2
Spontaneous polarization of (DOBAMBC)—-(DOBACPC): see Fig. 71A-1-035 in
No. 71A-1.
6a Heat capacity: 71A-2-010, 71A-2-011.
Transition heat of HOBACPC: see 85Cla

Differential scanning calorimetry: Fig. 71A-2-012.

9a Birefringence of (MBRA 7)9s(HOBACPC), s: see Fig. 71A-3-014 in No. 71A-3.
Threshold field of electro-optic effect: see Fig. 71A-1-049 in No. 71A-1.
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(B) C,Hz,.10—()-CH=N-()-CH=CHCOOCH,CHCICH(CH;)C,H;
AOBAC-3-MPC ((28,3S)-p-alkoxybenzylidene p"-amino-2-chloro-3-methylpentyl
cinnamate)

n=1: MOBAC-3-MPC

n =5: POBAC-3-MPC
n=6: HOBAC-3-MPC
n=10: DOBAC-3-MPC
n = 14: TDOBAC-3-MPC

1b phase v 111 II I I I” 86Sak
crystalline | unidentified | smectic C* | smectic A | nematic | isotropic
solid smectic | (SmC") | (SmA) liquid
state F F P P
O[°Cln=1 72 73 74
5 22 36 96
6 24 52 63 101
10 43 80 104
14 54 77 89

5S¢ Spontaneous polarization of DOBAC-3-MPC: Fig. 71A-2-013.

(©) CyHy,10—()~CH=N-()~CH=C(CH;)COOCH,CHCICH(CH;)C,Hj

AOBAC-3-MPCM ((2S,3S)-p-alkoxybenzylidene p’-amino-2-chloro-3-methylpentyl-
methyl cinnamate)
n=10: DOBAC-3-MPCM

1b phase 111 II I I
crystalline smectic C* smectic A isotropic
solid (SmC" (SmA) liquid
state F P
o[°C] 31 54 79

86Sak

(D) C,H;10—()~CH=N-(_)~CH=CHCOOCH,CHBrCH(CH;)C,H;

AOBAB-3-MPC ((2S,3S)-p-alkoxybenzylidene p’-amino-2-bromo-3-methylpentyl
cinnamate)
n =10: DOBAB-3-MPC

1b phase 111 II I I
crystalline smectic C” smectic A isotropic
solid (Sm C") (Sm A) liquid
state F P
O[°C] 45 65 88

86Sak
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(E) CoHyp10-()—CH=N-()~-CH=CHCOOCH,CHCICH,CH(CH3),
AOBAC-4-MPC ((2S)-p-alkoxybenzylidene p’-amino-2-chloro-4-methylpentyl
cinnamate)

n =5: POBAC-4-MPC

n =6: HOBAC-4-MPC
n=10: DOBAC-4-MPC
n =14: TDOBAC-4-MPC
n =18: ODOBAC-4-MPC

1b phase v 1 11 I I 86Sak
crystalline | unidentified | smectic C* smectic A isotropic
solid smectic (Sm C" (Sm A) liquid
state F F P
O[°C]ln=5 22 40 63 87
6 34 51 75 104
10 49 80 94
14 60 78 99
18 59 69 73

(F) CyHy10—()~CH=N-(_)~CH=CHCOOCH,CHCICH(CH3),
AOBAC-3-MBC ((2S)-p-alkoxybenzylidene p’-amino-2-chloro-3-methylbutyl
cinnamate)

n =5: POBAC-3-MBC
n=6: HOBAC-3-MBC
n=10: DOBAC-3-MBC
n =14: TDOBAC-3-MBC

1b phase v 1 II I I 86Sak
crystalline | unidentified | smectic C* | smectic A isotropic
solid smectic (Sm C" (Sm A) liquid
state F F P
9[oc] n=35 44 81 100
6 45 65 83 110
10 59 78 105
14 60 83 99
(G) C,H3,10-()~CH=N-()~CH=CHCOOCH,CHCICH,~()
AOBAC-3-PPC ((2S)-p-alkoxybenzylidene p’-amino-2-chloro-3-phenylpropyl
cinnamate)
n =10: DOBAC-3-PPC
Ib phase II I I 86Sak
crystalline nematic isotropic
solid liquid
state P
O[°C] 44 62
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(H) C,Hz,.0—-()-CH=N-(_)~-CH=CHCOOCH,CH,CHCICH,

AOBA-3-CBC ((3S)-p-alkoxybenzylidene p"-amino-3-chlorobutyl cinnamate)
n =10: DOBA-3-CBC

1b

phase v 111 II I I 86Sak
crystalline | unidentified | smectic C* smectic A isotropic
solid smectic (Sm C") (Sm A) liquid
state F F P
o[°C] 43 80 93 113

() CyH;,10-)~CH=N-()~CH=C(CN)COOCH,CH(CH;)C,H;
AOBAMBCC (p-alkoxybenzylidene- p’-amino-2-methylbutyl-cyano cinnamate)
n=10: DOBAMBCC (p-decyloxybenzylidene- p"-amino-2-methylbutyl-cyano

cinnamate)
n = 14: TDOBAMBCC (p-tetradecyloxybenzylidene- p’-amino-2-methylbutyl-cyano
cinnamate)
1b phase 111 11 I I 1” 76Kel
crystalline | smectic C* | smectic A chiral isotropic
solid (Sm C" (Sm A) nematic liquid
state F% P P %) 81Mar
@[°C] n=7 65 87 94 95
8 (71) 88 98.5
9 (75.5) 90 100.5
10 (70) 92 104
14 (71) 78 105
(): cooling
3b Helical pitch: Fig. 71A-2-014, Fig. 71A-2-015.

Tilt angle: see Fig. 71A-1-010 in No. 71A-1.

() C.H3,10-()-CH=N-(_)-CH=CCICOOCH,CH(CH;)C,Hj
AOBAMBCIC (p-alkoxybenzylidene- p’-amino-2-methylbutyl-chloro cinnamate)

1b

phase 111 11 I I 76Kel
crystalline smectic C” smectic A isotropic
solid (Sm C") (Sm A) liquid
state F?% P ) 81Mar
©[°C] n=6 (32) 47 62
8 (38) 41 64
10 (45) 51 71
14 41 50.5 79 (): cooling
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Fig. 71A-2-003. HOBACPC. E; vs. Oy 1 — T [83Par]. E.;: critical ac electric field for helical to unwinded structure.
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No. 71A-3 HAOBAMBC and analogues

OH
(A) C,Hs,,0—( ) CH=N—( ) CH=CHCOO-R

R: CH,CH(CH;)C,H;
HAOBAMBC (2-hydroxy-4-alkoxybenzylidene-4’-amino-2-methylbutyl cinnamate)
n=6: HHOBAMBC
n=38: HOOBAMBC
n=10: HDOBAMBC

n=14: HTDOBAMBC
R: CH(CH;)C,H;
HAOBA-1-MPC (2-hydroxy-4-alkoxybenzylidene-4’-amino-1-methylpropyl cinnamate)
R: CH(CHg,)COOCzHS

n =10: HDOBACEEC (2-hydroxy-4-decyloxybenzylidene-4’-amino-

1-carboethoxyethyl cinnamate)

1b phase 111 11 I I
crystalline smectic C” smectic A isotropic
solid (Sm C") (SmA) liquid
state F P
o[°C]
HAOBAMBC
n=4 72 181
(76) (179)
6 96 106 154
(86) (105) (151)
107 88 114 145
(72) (114) (145)
14 76 95 135
18 64 76 124
HAOBA-1-MPC
n=4 163
(125) (162)
6 151
(127) (148)
10 124 135
(108) (118) (130)
14 101 123
(101) (111) (122)
HDOBACEEC
n=10 31 78 98
") see also Fig. 71A-1-003 in No. 71A-1. (): cooling.

84Sak

89Ezc

S5a Dielectric constant of HAOBAMBC: Fig. 71A-3-001, Fig. 71A-3-002, Fig. 71A-3-003.

Dielectric constant of HDOBACEEC: Fig. 71A-3-004, Fig. 71A-3-005,

Fig. 71A-3-006.

¢ Spontaneous polarization of HAOBAMBC: Fig. 71A-3-007, Fig. 71A-3-008,

Fig. 71A-3-0009.

Spontaneous polarization of HDOBACEEC: Fig. 71A-3-010.

Landolt-Bérnstein
New Series I11/36C



1184

71 Ferroelectric and antiferroelectric liquid crystals

OH
(B) CH;CH(CH;)(CH;),O () CHN—() C,Hapuy
m = 1, n = n: MBRA n ((S)-4-0-(2-methyl)butyl-resorcylidene-4"-alkylaniline)
m =5, n = n: MORA n ((S)-4-0-(6-methyl)octyl-resorcylidene-4’-alkylaniline)

1b phase v I 1I I I 82Hal
unidentified | unidentified | smectic C* | smectic A | nematic | isotropic 86Bil
smectic smectic (Sm C (Sm A)
state F P
O[°C]
MBRA
n=4 18 43 69
8 28 57 64
12 41 70
MORA
n=4 35 62 70
8 12 97
12 35 93
3b Helical pitch and tilt angle: Fig. 71A-3-011, Fig. 71A-3-012.
¢ Spontaneous polarization: Fig. 71A-3-013.
9a Birefringence of (MBRA),¢s(HOBACPC),s: Fig. 71A-3-014.
OH
©) C.,Hz.,ﬂO@CH=N@CH=CHCOOCHZCHCICH(CH3)C2H5
HAOBAC-3-MPC ((2S,3S)-2-hydroxy-4-alkoxybenzylidene p’-amino-2-chloro-
3-methylpentyl cinnamate)
n =1: HMOBAC-3-MPC
n =5: HPOBAC-3-MPC
n =9: HNOBAC-3-MPC
n =10: HDOBAC-3-MPC
n =18: HODOBAC-3-MPC
Ib phase 1 I I I 86Sak
crystalline | smectic C* smectic A nematic isotropic
solid (Sm CY) (Sm A)
state F P P
O[°C] n=1 113 122 124
5 49 117 133
9 43 120 126
10 41 105 136
15 57 84 126

5a Dielectric constant: Fig. 71A-3-015.
¢ Spontaneous polarization: Fig. 71A-3-016.
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OH
(D) C,,Hz,,ﬂO@CH=N@CH=C(CH3)COOCHZCHClCH(CH3)C2H5
HAOBAC-3-MPCM ((2S,3S)-2-hydroxy-4-alkoxybenzylidene p’-amino-2-chloro-
3-methylpentyl-methyl cinnamate)

n=10: HDOBAC-3-MPCM

Ib phase 1 11 I I 86Sak
crystalline smectic C” smectic A isotropic
solid (Sm C") (Sm A) liquid
state F P P
O[°C] 48 77 98
OH
(E) C.,Hz.,HO@ CH=N—)— CH=CHCOOCH,CHBrCH(CH;)C,Hj
HAOBAB-3-MPC ((2S,3S)-2-hydroxy-4-alkoxybenzylidene p"-amino-2-bromo-
3-methylpentyl cinnamate)
n =10: HDOBAB-3-MPC
1b phase 111 11 I I 86Sak
crystalline smectic C* smectic A isotropic
solid (Sm CH (Sm A) liquid
state F P P
O[°C] 33 88 113
5¢ Spontaneous polarization: Fig. 71A-3-017.
OH
(F) C,,Hz,,ﬂo@ CH=N-(_)~ CH=CHCOOCH,CHCICH,CH(CH3),
HAOBAC-4-MPC ((2S)-2-hydroxy-4-alkoxybenzylidene p’-amino-2-chloro-
4-methylpentyl cinnamate)
n =5: HPOBAC-4-MPC
n = 6: HHOBAC-4-MPC
n = 14: HTDOBAC-4-MPC
Ib phase 1 11 I I 86Sak
crystalline smectic C* smectic A isotropic
solid (Sm C" (SmA) liquid
state F P P
O[°C] n=5 78 108 138
6 76 117 133
14 58 100 124
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OH
(&) CnHz.,ﬂo@CH=N@CH=CHCOOCH2CH01CH2-@
HAOBAC-3-PPC ((2S)-2-hydroxy-4-alkoxybenzylidene p’-amino-2-chloro-
3-phenylpropyl cinnamate)
n =10: HDOBAC-3-PPC

86Sak

1b phase 11 II I I
crystalline smectic C* smectic A isotropic
solid (Sm CH (Sm A) liquid
state F P P
o[°C] 53 65 89

OH
(H) C,,Hz,,ﬂO@CH=N@CH=CHCOOCH2CH2CHCICH3
HAOBA-3-CBC ((2S)-2-hydroxy-4-alkoxybenzylidene p’-amino-3-chlorobutyl cinnamate)

n=10: HDOBA-3-CBC

86Sak

1b phase I 11 I I
crystalline smectic C” smectic A isotropic
solid (Sm C") (Sm A) liquid
state F P P
O[°C] 51 105 148
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Fig. 71A-3-001. HHOBAMBC. x'vs. T [84Sak]. Cell thickness: 50 pm. /=30 Hz.
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Fig. 71A-3-003. HTDOBAMBC. xvs. T [84Sak]. Cell thickness: 50 um. /=30 Hz.
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Fig. 71A-3-007. HHOBAMBC. P; vs. T [84Sak]. Cell thickness: 50 um. /=100 Hz.
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Fig. 71A-3-008. HDOBAMBC. P, vs. T [84Sak]. Cell thickness: 50 um. = 100 Hz.
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Fig. 71A-3-016. HDOBAC-3-MPC. P; vs. T— O [86Sak]. Cell thickness: 100 um. f= 60 Hz.
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No. 71A-4 B-8 and analogues
(A) CyHyy0-()—()—COOCH,CH(CH;)C,H;
B-n: 2-methylbutyl-4-(4’-alkoxyphenyl)-benzoate
Ib n=8(B-8):

phase 111 11 I I 85Kon

crystalline smectic C” smectic A isotropic
solid (Sm C") (Sm A) liquid
state F P
O[°C] 46.1 (43.7) 64.1 (): cooling

Phase diagram of mixture with S-8 (2-methylbutyl-4-(4’-octyloxybenzylidene amino)-
benzoate): Fig. 71A-4-001.

3b Tilt angle and helical pitch of mixture with S-8: Fig. 71A-4-002.
5c Spontaneous polarization: Fig. 71A-4-003.
9a Birefringence: Fig. 71A-4-004.
(B) C,Hy,.,iCOO-()—()-~COOCH,CH(CH;)C,H;
2MBACBC ((S)-2”-methylbutyl-4’-n-alkylcarbonyloxy-(1,1’-biphenyl)-4-carboxylate)
n="7: 2MBHpCBC
n=38: 2MBOCBC
n=9: 2MBNCBC
n=10: 2MBDCBC
n=11: 2MBUDCBC
n =12: 2MBDDCBC
n=13: 2MBTDCBC
1b phase 111 I I I 86Mik
crystalline smectic C* smectic A isotropic
solid (Sm C") (SmA) liquid
state F P
@[°C] n=7 35 58
(17) (33) (58)
8 0 40 49
(10) (17) (49)
9 38.4 46.2 61.5
(21) (46.6) (61.1)
10 24 49 62
(29) @7) (62)
11 37 51 63
(34 (50 (63)
12 46 48.5 62
(35) (48.5) (62)
13 50 64
(46) ShH (64)  (): cooling
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3b

Tilt angle and helical pitch: Fig. 71A-4-005, Fig. 71A-4-006 .

S5a

Dielectric constant: Fig. 71A-4-007, Fig. 71A-4-008.
Effect of hydrostatic pressure on dielectric constant: Fig. 71A-4-009.

Effect of applied voltage on dielectric constant: Fig. 71A-4-010.

¢ Spontaneous polarization: Fig. 71A-4-011, Fig. 71A-4-012; see also Fig. 71A-4-005 in

3b.
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Fig. 71A-4-001. (B-8); ,(S-8);. @ vs. x [85Kon]. S-8: 2-methylbutyl-4-(4’-octyloxybenzylidene amino)-benzoate.
m.p.: mesophase-crystal boundary.
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Fig. 71A-4-002. (B-8),5(S-8)0s. 6, p vs. T — O [85Kon]. &: tilt angle. p: helical pitch. S-8: 2-methylbutyl-4-(4’-
octyloxybenzylidene amino)-benzoate. #: cell thickness.
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Fig. 71A-4-003. B-8, S-n, (B-8)5(S-8)0s. Ps vs. O — T [85Kon]. S-n: 2-methylbutyl-4-(4’-alkoxybenzylidene
amino)-benzoate.
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Fig. 71A-4-004. B-8, S-8, (B-8)5(S-8)¢5.. An vs. A [85Kon]. S-8: 2-methylbutyl-4-(4"-octyloxybenzylidene amino)-
benzoate.
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Fig. 71A-4-006. 2MBNCBC. p vs. T [87Nak]. p: helical pitch. Cell thickness: 250 um.
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Fig. 71A-4-007. 2MBOCBC, 2MBNCBC, 2MBDCBC. « vs. T [87Nak]. Cell thickness: 50 um. /=31 Hz.
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Fig. 71A-4-008. 2MBNCBC. xvs. T [86Mik]. Parameter: f.
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Fig. 71A-4-009. 2MBNCBC. x vs. T [870za]. Parameter: p, hydrostatic pressure. /= 100 Hz.
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Fig. 71A-4-010. 2MBNCBC. « vs. T [87Nak]. Parameter: applied voltage. Cell thickness: 50 um. = 31 Hz.
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Fig. 71A-4-011. 2MBNCBC. | P, | vs. T [86Mik]. | P, |: magnitude of spontaneous polarization.
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Fig. 71A-4-012. 2MBOCBC. P, vs. T [87Nak]. Cell thickness: 6 wm.
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No. 71A-5 3M2CPAOB and analogues

(A) C,H;,,0-()—()—OCOCHCICH(CH;)C;H;

3M2CPAOB ((2S,3S)-3-methyl-2-halopentanoic acid 4’,4”-alkoxybiphenyl ester)

n=>5:3M2CPPOB
n=6: 3M2CPHOB
n="7: 3M2CPHpOB
n=8: 3M2CPOOB
n=9: 3M2CPNOB
n=10: 3M2CPDOB
n=12: 3M2CPDDOB

1b phase 111 11 I I 870zal
crystalline smectic C” smectic A isotropic
solid (Sm CH (Sm A) liquid
state F P
O[°C] n=5 50 55 64
6 47 57 62
7 44 56 63
8 30 53 66
9 41 54 67
10 48 52 67
12 62 66 67
5a Dielectric constant: Fig. 71A-5-001, Fig. 71A-5-002, Fig. 71 A-5-003.

Dielectric dispersion: Fig. 71A-5-004, Fig. 71A-5-005, Fig. 71A-5-006, Fig. 71A-5-007;
see also Fig. 71A-5-014 in 5b.
Dielectric constant under hydrostatic pressure: Fig. 71A-5-008.
Phase diagram p vs. @: Fig. 71A-5-009.
Effect of Ey;,s and measuring electric field on dielectric constant: Fig. 71A-5-010,
Fig. 71A-5-011, Fig. 71A-5-012, Fig. 71A-5-013, Fig. 71A-5-014.
Spontaneous polarization: Fig. 71A-5-015, Fig. 71A-5-016.

(B) C,Hz,10—-()—()—-OCOCHBrCH(CH;)C,H;

n=6: 3M2BPHOB
n=8: 3M2BPOOB
n=10: 3M2BPDOB
n=12: 3M2BPDDOB

1b

phase 11 11 I I 870zal
crystalline smectic C* smectic A isotropic
solid (Sm C") (Sm A) liquid
state F P

o[°C]

47
29
35
42

55
47
49
47

55
58
59
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(©) C,Hy,0—()-()—OCOCHCICH(CH3),
n =7:3M2CBHpOB
n = 8: 3M2CBOOB
n =10: 3M2CBDOB
1b phase 111 11 I I 870zal
crystalline smectic C” smectic A isotropic
solid (Sm C") (Sm A) liquid
state F P
O[°C] n=7 67 73 77
8 63 71 80
10 66 69 81
5a Dielectric constant: Fig. 71A-5-017.
¢ Spontaneous polarization: see Fig. 71A-5-015.
(D) CyHy0-()—()—OCOCHBrCH(CHj3),
n=6: 3M2BBHOB
n = 8: 3M2BBOOB
n=10: 3M2BBDOB
1b phase I II I I 870zal
crystalline smectic C* smectic A isotropic
solid (Sm C") (Sm A) liquid
state F P
O[°C] n=6 64 67
8 35 48 56
10 55 57 68
(E) C,H,10-()-()-OCOCHCICH,CH(CH3),
n=6: 4M2CPHOB
n="7: 4M2CPHpOB
n = 8: 4M2CPOOB
1b phase I II I I 870zal
crystalline smectic C* smectic A isotropic
solid (Sm C") (Sm A) liquid
state F P
O[°C] n=6 62 65 74
7 56 63 64
8 61 64 68
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(F) C,Hz0—()—()—OCOCH(CH;)C,H;s

n=10: 2MBDOB
n=11: 2MBUDOB
n=12: 2MBDDOB

Ib phase I I 870zal
crystalline smectic C”*
solid (Sm C")
state F
@[°C] n=10 73 74
11 70 72
12 68 69
(G) C,Hz.0-)—()-OCOCHCIC,H;
n=6: 2CBHOB
n=_8: 2CBOOB
n=10: 2CBDOB
Ib phase I I I 870zal
cystalline smectic C* smectic A
solid (Sm C") (Sm A)
state F P
@[°C] n=6 86 102
8 86 92
10 86 87
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Fig. 71A-5-001. 3M2CPDOB. x vs. T [87Yos1]. Cell thickness: 100 um. /=30 Hz.
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Fig. 71A-5-002. 3M2CPOOB. « vs. T — G during cooling and heating cycle [870zal]. Cell thickness: 50 wm.
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Fig. 71A-5-003. 3M2CPOOB. x vs. T— 6y [870zal]. Parameter: ¢, sample thickness. f=30 Hz. E,, =5 - 10°Vm™.
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Fig. 71A-5-005. 3M2CPNOB. &’ vs. T [870zal]. Parameter: /. Cell thickness: 100 pm.
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Fig. 71A-5-006. 3M2CPOOB. «”'vs. T'[870zal]. Parameter: f. Cell thickness: 100 um.
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Fig. 71A-5-007. 3M2CPHpOB. «’'vs. " (Cole-Cole plot) [870zal]. Parameter: 7. Cell thickness: 100 wm.
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Fig. 71A-5-008. 3M2CPOOB. x vs. T [870za2]. Parameter: p, hydrostatic pressure. Cell thickness: 150 um.
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Fig. 71A-5-009. 3M2CPOOB. p vs. @ determined by dielectric measurement [870za2]. p: hydrostatic pressure. Cell
thickness: 150 um.
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Fig. 71A-5-011. 3M2CPOOB. T,, — 6,
8371 : GOy without E;,s. Cell thickness: 16 um. /=500 Hz. x.: x in Sm A phase.
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Fig. 71A-5-012. 3M2CPOOB. 1/Ax vs. T [87Y0s3]. Parameter: V, applied dc voltage. Ak = x(C") — x(A), where
x(C") and x(A) are dielectric constants in the Sm C* phase and Sm A phase, respectively. Cell thickness: 16 um.
/=500 Hz.
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Fig. 71A-5-013. 3M2CPOOB. « vs. E [870zal]. Parameter: f. E: measuring electric field. Cell thickness: 100 um.
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Fig. 71A-5-016. 3M2CPOOB. P, vs. T [87Yos1].
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Fig. 71A-5-017. 3M2CPOOB. xvs. T [87Yos1]. Cell thickness: 100 um. /=30 Hz.
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No. 71A-6 4’-((S)-2-methylbutyloxy)phenyl-4-alkoxy-benzoate and analogues

(A) C,Hz10-()-COO0-()~OCH,CH(CH;)C,H;s
4’-((S)-2-methylbutyloxy)phenyl-4-alkoxy-benzoate

1b phase 1 I I I 1” 84Kel
crystalline | smectic C* smectic A chiral isotropic
solid (Sm C") (Sm A) nematic liquid
state F P P
O[°C] n=38 42 43.5 58.5 62
9 44 (43.5) 60
10 44 50.2 65
11 49.5 (48) 63
12 49 52 65 (): cooling
See also 84Dec
3b Tilt angle: Fig. 71A-6-001.
5¢ Spontaneous polarization: Fig. 71A-6-002, Fig. 71A-6-003, Fig. 71A-6-004;
see also Fig. 71A-6-001.
6a Specific heat: Fig. 71A-6-005.
(B) C,Hy,10-()—CO0-()~O(CH,);CH(CH;)C,H;s
4’-((S)-4-methylhexyloxy)phenyl-4-alkoxy-benzoate
1b phase v I II I I ) 84Kel
crystalline | unidentified | smectic C* | smectic A | chiral isotropic
solid smectic nematic liquid
(SmX") | (SmC") | (SmA)
state F F P P
O[°C] n=8 49 61 79
9 41 66 75.5
10 35 (30) 70.4 72.5 76
11 50 72 74 76
12 45.5 74.5 77 80
(): cooling
3b Tilt angle: Fig. 71A-6-006.

Smectic layer spacing: Fig. 71A-6-007.

6a DSC intensity: Fig. 71A-6-008.
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(C) CuH3,10-()-0CO-()-O(CH,)sCH(CH;)C,H;
4’-alkoxyphenyl-4((S)-6-methyloctyloxy)-benzoate
Ib phase 111 11 I I 84Kel
crystalline smectic C* chiral isotropic
solid (Sm C" nematic liquid
state F P
O[°C] n=7 54 63.5 70.5
8 50 66.5 73
9 49 67.5 71.5
10 53.5 69.5 74

(D) CyH1410-()~COO~(0)~O(CH,),CH(CH;)(CH,);CH(CHy),
4’-((S)-3,7-dimethyloctyloxy)phenyl-4-alkoxybenzoate

3b

Tilt angle: Fig. 71A-6-009.

5c

Spontaneous polarization: Fig. 71A-6-010.

(E)  CuH2010-(0)—0CO-(0)~O(CH,),CH(CH;)(CH,);CH(CH;),
4’-alkoxyphenyl-4((S)-3,7-dimethyloctyloxy)-benzoate

5c

Spontaneous polarization: Fig. 71A-6-011.

(F) CoHyp1O—()—COO0-()~OCH,CH(CH3)OC ,Hyp11
4’-((S)-2-alkoxypropoxy)phenyl-4-alkoxy-benzoate

n =12, m = 2: 4’-((S)-2-ethoxypropoxy)phenyl-4-dodecyloxy-benzoate
n = 12, m = 3: 4’-((S)-2-propoxypropoxy)phenyl-4-dodecyloxy-benzoate

3b

Tilt angle: Fig. 71A-6-012, Fig. 71A-6-013.

5¢

Spontaneous polarization: Fig. 71A-6-014, Fig. 71A-6-015.

8a

Rotational viscosity: Fig. 71A-6-016, Fig. 71A-6-017.

(G) C,H;,10-)-CO0-()-O(CH,),, OCH,CH(CH;)OC,H;
(S)-4’((2-ethoxy)propoxy)alkoxyphenyl 4-alkoxybenzoate

3b

Tilt angle: Fig. 71A-6-018, Fig. 71A-6-019, Fig. 71A-6-020.
Helical pitch: Fig. 71A-6-021, Fig. 71A-6-022, Fig. 71A-6-023.

5¢

Spontaneous polarization: Fig. 71A-6-024, Fig. 71A-6-025, Fig. 71A-6-026.
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(H) C,Hz,10-()-CO0-()-COO(CH,),CH(CH;)(CH,);CH(CH5),

(S)-3,7-dimethyloctyl 4-n-alkoxybenzoyloxybenzoate

1b  Transition temperatures: Table 71A-6-001; Fig. 71A-6-027.
3b  Tilt angle and helical pitch: Fig. 71A-6-028, Fig. 71A-6-029.
5¢  Spontaneous polarization: Fig. 71A-6-030.
6a  Transition enthalpy: see Table 71A-6-001.
0]
/\
(I  CyH,,0-()-C00-()-OCH,CHCHC;H,
4'-((S,S)-2,3-epoxyhexyloxy)phenyl-4-(n-decyloxy)-benzoate
3b  Tilt angle: Fig. 71A-6-031.
5¢  Spontaneous polarization: Fig. 71A-6-032.
8a  Rotational viscosity: Fig. 71A-6-033.
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Table 71A-6-001. C,H,,.;0—(_)~COO—(_)~COO(CH,),CH(CH;)(CH,);CH(CHy),. Transition tempera-

ture @ [°C], transition enthalpy AH [- 10 J kg], helical twist sense, direction of spontaneous polarization
for various n [87Chi]. m.p.: mesophase-crystal boundary. Iso: isotropic liquid.

n Twist P (sign) mp?  Recrystal- SmC*- SmA- SmC*-
lization SmA® Iso®  Iso

7010 0 356 18.0 - 496 -
AH 634 40.2 - 12.2

8§ 1) (D O 385 14.9 302 511 -
AH 64.1 51.5 0.04 13.8

9 10 e 394 211 403 500 -
AH 52.0 46.3 0.04 13.8

10 10 & © 388 225 460 513 -
AH 4738 43.6 0.17 13.0

1 1 e 423 28.5 474 504 -
AH 66.2 51.5 0.38 12.2

12 10 & e 3715 20.5 490 518 ;
AH 629 38.5 0.08 12.2

13 10 & e 474 2822 486  49.8 ;
AH 64.1 59.9 0.04 15.5

149 1) # e 415 383 500  51.0 ;
AH - - - - -

16 1) © 483 289 - ; 49.7
AH 825  65.1 - ; 13.4

*) Temperatures obtained by DSC.
®) Temperatures obtained by thermal optical microscopy
) Too small sample to measure enthalpies.

Landolt-Bérnstein
New Series I11/36C



1218 71 Ferroelectric and antiferroelectric liquid crystals

20 20°
4076
C/m? 6 1 °°
o & i
10 - 10°
g oo I g
i 21
6 - — 6°
ol R .
aw b : f Yo
2| r
1 1°
207 4 s 81 2 « 6 810 °C 20

O 7

Fig. 71A-6-001. C,Hy,,,0—(_)~CO0—(_)~OCH,CH(CH3)C,Hs (n = 10). 6, P, vs.6y;—T [78Los]. € tilt angle.
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Fig. 71A-6-002. C H,,,0-( )—-COO-{ )—OCH,CH(CH;)C,Hs (n=09, 10). P vs. T — G [800st].
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Fig. 71A-6-003. C,H,.,0—(_)~COO0—(_)~OCH,CH(CH;3)C,H;s (n = 10). Py vs. T— Oy [78Los]. Full circle, open
circle: different runs of measurement.
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Fig. 71A-6-004. C,H,,;0—(_)~CO0—~(_)~OCH,CH(CH;)CHs (n = 8). P, vs. T [86Ska].
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Fig. 71A-6-005. C,H,,;0—(_)~CO0—()~OCH,CH(CH;)C,Hs (n = 10). C, vs. T— 61 [800st].
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Fig. 71A-6-006. C,H,,.;0—(_)-CO0—~(_)~O(CH,);CH(CH3)C,Hs (n = 10). 6 vs. Oy —T[85Kel]. 6: tilt angle.
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Fig. 71A-6-007. C,H,,;0—(_)~C0O0—(_)~O(CH,);CH(CH;)CHs (n = 10). d vs. T [85Kel]. d: smectic layer spacing.
Full circle, open circle: different runs of measurement.
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Fig. 71A-6-008. C,H,,.;0—(_)~CO0~(_)~O(CH,);CH(CH3)CHs (n = 10). C vs. T [85Kel]. C: DSC intensity.
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Fig. 71A-6-009. C,Hy,.;0—(_)~CO0—(_)~-O(CH,),CH(CH3)(CH,);CH(CH;); (n = 10). @ vs. T [87Pat]. : tilt
angle. Open triangle: above saturation voltage. Open circle: below saturation voltage. Full circle: mean value.
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Fig. 71A-6-010. C,H,,.;0—(_)~CO0~(_)~O(CH,),CH(CH;)(CH,);CH(CHs), (n = 10). P, vs. T [87Pat].
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Fig. 71A-6-011. C,H,,.;0—(_)~0CO-(_)~O(CH,),CH(CH;)(CH,);CH(CHs), (n = 10). P, vs. T [87Pat].
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Fig. 71A-6-012. C,Hy,.;0—(_)~COO0~(_)~OCH,CH(CH;)OCHapms (n =12, m=2). & vs. T [87And]. 6: tilt angle.

Landolt-Bérnstein
New Series I11/36C



71 Ferroelectric and antiferroelectric liquid crystals 1223

25°

20° a_

15°

5u

OD
20 2 28 32 % °C 4
7

Fig. 71A-6-013. C,H,,;0—(_)-CO0~(_)~OCH,CH(CH;)OC,Hom iy (n =12, m=3). 6 vs. T [87And]. 6 tilt angle.
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Fig. 71A-6-014. C,H,,.;0—(_)~CO0~(_)~OCH,CH(CH;)OCyHyp+; (n =12, m =2). Py vs. T [87And].
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Fig. 71A-6-015. C,H,,.;0—(_)~CO0~(_)~-OCH,CH(CH;)OCyHyp+; (n =12, m = 3). Py vs. T [87And].
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Fig. 71A-6-016. C,H,,.;0—(_)—CO0—~(_)~OCH,CH(CH3)OCHyume1 (n = 12, m = 2). 77 vs. T [87And]. 7: rota-
tional viscosity.
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Fig. 71A-6-017. C,H,,,0—(_)~CO0—(_)~OCH,CH(CH3)OC,Homs; (n = 12, m = 3). 77 vs. T [87And]. 7: rota-
tional viscosity.
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Fig. 71A-6-018. C,H,,;0—~(_)-CO0—()~O(CH,),OCH,CH(CH;)OC,Hs (n = 12, 14; m = 3). & vs. T [870tt].
0 tilt angle.
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Fig. 71A-6-019. C,H,,.;0—(_)—C00—(_)~O(CH,),,OCH,CH(CH3;)OC,Hs (n = 9...14; m = 4). 6 vs. T [870tt].
@: tilt angle.
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Fig. 71A-6-020. C,H,,,;0~(_)-CO0—(_)~O(CH,),,OCH,CH(CH;)OC,Hs (n = 13, 14; m = 5). @ vs. T [870tt].
@ tilt angle.
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Fig. 71A-6-021. C,H,,,;0—(_)-CO0-(_)~O(CH,),,OCH,CH(CH;)OC,H;s (n = 12, 14; m = 3). p vs. T— O[870t].
p: helical pitch. @: transition temperature between Sm A and Sm C* phases.
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Fig. 71A-6-022. C,H,,,0—(_)~C00—(_)~O(CH,),,OCH,CH(CH3)OC,Hs (n = 9..14; m = 4). p vs. T [870t(]
p: helical pitch.
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Fig. 71A-6-023. C,H,,;0-(_)-COO0—(_)~O(CH,),,OCH,CH(CH;)OC,Hs (n = 13, 14; m = 5). p vs. T [870tt].
p: helical pitch.
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Fig. 71A-6-024. C,Hy,10—~(_)~CO0—(_)~O(CH,),OCH,CH(CH3)OC;Hs (n = 12, 14; m = 3). P, vs. T[870t].
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Fig. 71A-6-025. C,Hy,,10—(_)~CO0—~(_)~O(CH,),,OCH,CH(CH3)OC,Hs (n =9...14; m = 4). P, vs. T [870tt].
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Fig. 71A-6-026. C,Hy,10—(_)~CO0—(_)~O(CH,),,OCH,CH(CH3)OC;Hs (n = 13, 14; m = 5). P, vs. T[870t].
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Fig. 71A-6-027. C,Hy,.;0—(_)~COO0—(_)~COO(CH,),CH(CH;)(CH,);CH(CH),. @ vs. n [87Chi]. m.p.: mesophase-
crystal boundary.

Landolt-Bérnstein
New Series I11/36C



1228 71 Ferroelectric and antiferroelectric liquid crystals
28°
n=11
240 /./0--'—'__1—‘-—4—
™G o o0 ¢ O T —uo—¢—o—0
yﬂ/"M 1
- //
oL
m Z
12°
g
40
DO
0 8 16 24 32 40
®-T7

Fig. 71A-6-028. C,Hy,,,0—(_)—~C0O0—(_)~COO(CH,),CH(CH;)(CH,);CH(CHs),. 8vs. ©— T [87Chi]. Parameter:

n. @: tilt angle. @: transition temperature between Sm A and Sm C* phases.
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Fig. 71A-6-029. C,H,,.,0—( )~-CO0-()~COO(CH,),CH(CH;)(CH,);CH(CHs),. p vs. n [87Chi]. p: helical pitch.
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Fig. 71A-6-030. C,H,,,,0—(_)~C00—(_)~COO(CH,),CH(CH;)(CH,);CH(CHj),. P, vs. T — © [87Chi]. Parameter: n.

O: transition temperature between Sm A and Sm C* phases.
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Fig. 71A-6-031. C;,H,,0~(_)-CO0—(_)~OCH,CHCHC;Hj;. 8vs. T [87And]. #: tilt angle.
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Fig. 71A-6-033. CoH, 0—~(_)-CO0—(_)~OCH,CHCHC;H;. 77 vs. T [87And]. 7: rotational viscosity.
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No. 71A-7 4-(2-methylbutyloxy)phenyl-4’-n-alkoxy-cinnamate and analogues

(A) C,Hz10—()—CH=CHCOO-{_)~OCH,CH(CH;)C,H;5
4-(2-methylbutyloxy)phenyl-4’-n-alkoxy cinnamate

1b

Phase transition temperatures: Table 71A-7-001; Fig. 71A-7-001.

6a

Transition enthalpy: see Table 71A-7-001.

(B) C,Hy,0—()—CH=CHCOO—(_)—COOCH,CH(CH;)C,Hj
4-(2-methylbutoxycarbonyl)phenyl-4’-n-alkoxy cinnamate

1b

Phase transition temperatures: Table 71A-7-002; Fig. 71A-7-002.

6a

Transition enthalpy: see Table 71A-7-002.

(C) C;H;0-()—CH=CHCOO-{ )-~O0CCHCICH(CH;)C,H;
4-(1-chloro-2-methylbutylcarbonyloxy)phenyl-4’-n-undecyloxy cinnamate

Ib phase I | r 91Pra
smectic C” smectic A isotropic
(Sm C") (Sm A) liquid
state F P
o[°C] 83.5 99.5
3b Helical pitch: Fig. 71A-7-003.

Tilt angle: Fig. 71A-7-004.

5c

Spontaneous polarization: see Fig. 71A-7-004.

(D) C;;H,50-()~CH=CHCOO-{_)-~COOCH,CHCICH,CH(CH3),
4-(2-chloro-4-methlpentyloxycarbonyl)phenyl-4’-n-dodecyloxy cinnamate

1b phase I I I 91Pra
smectic C* smectic A isotropic
(Sm C") (Sm A) liquid
state F P
6[°C] 65.5 81.0
3b Helical pitch: Fig. 71A-7-005.

Tilt angle: Fig. 71A-7-006.

5¢

Spontaneous polarization: see Fig. 71A-7-006.
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(E) C,Hz10—()—CH=CHCOO-{_)— OOCCHCICH,CH(CH3),

4’-(2-chloro-4-methylpentanoyloxy)phenyl trans-4”-n-alkyloxy cinnamate

Ib phase I I I 93Pra
smectic C* smectic A isotropic
(Sm C") (Sm A) liquid
state F P
o[°C] n=6 56.0 935
7 67.0 90.5
8 73.0 92.5

3b Tilt angle: Fig. 71A-7-007.

5a Dielectric dispersion: Fig. 71A-7-008, Fig. 71A-7-009.
¢ Spontaneous polarization: Fig. 71A-7-010.
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Table 71A-7-001. C,H,,;0—(_)—CH=CHCOO-(_)—OCH,CH(CH;)C,Hs. Transition temperature @[°C]

and transition enthalpy AH [-10° J kg™'] for several n [84Les]. m.p.: mesophase-crystal transition. Ch:
cholesteric. [ ]: monotropic transition. ( ): AH.

n Ch Sm A Sm C* Sm I* SmJ* m.p. Cryst1 Recrystal-
—Cryst. II lization
6 103.4(3.2) [94.7](1.0) - - - 98.8(68.8) - 77.8(-58.3)
7 100.8(3.0) 94.6(0.9) [84.2]%) - - 89.3(57.3) - 76.8(—49.6)
8 103.2(4.7) 101.0(1.6)  89.5(0.2) - - 87.6(57.2) - 66.4(-41.9)
9 102.3(9.5)% 101.7(-)®)  92.7(0.2) - - 80.2(48.3) - 55.5(=37.3)

10 -
11 -
12 -
13 -
14 -

103.4(11.6)  93.9(0.2) [60.4](1.6)

81.0(51.7) - 54.0(-24.3)

105.1(11.8)  94.5(0.3) [61.9](4.1) [52.2]%) 80.0(50.1) 75.8(28.4) 52.2(-31.5)
103.8(12.8)  94.9(0.1) [63.3](13.7) [50.7]%) 79.3(50.7) 69.5(17.7) 36°)
102.8(13.5)  94.0(0.3) [64.8](5.0) [47.3]%) 76.3(81.7) - 349
102.3(13.9)  94.4(0.1) [66.3](5.0) [45.8]%) 74.5(76.6) - 45 °)

% Too small to be detected by DSC; values obtained by optical microscopy entered.
®) Isotropic-cholesteric-SmA too close in temperature to be separated.
) Recorded optically.

Table 71A-7-002. C,H,,.;0—-(_)~CH=CHCOO-({_)~COOCH,CH(CH;)C,Hs. Transition temperature @
[°C] and transition enthalpy AH [-10° J kg™'] for several n [84Les]. m.p.: mesophase-crystal transition.

(): AH.

n®) SmA Sm C* m.p Recrystallization
6 959 - 78.4 56.2

7 93.0(7.5) 62.8°) 75.3(74.3) 45.5(-39.0)

8 95582) 67.5Y 85.1(79.1) 27.5(-30.1)

9 929(8.1) 67.3P 87.0(74.4) 18.8(-20.4)

10 95.2(9.3) 71.1(0.4) 60.2(62.3) 16.7(-29.0)

11 96.0(10.3) 73.0(1.3) 55.7(73.1) 29.5(-57.6)

12 954(9.9) 71.6%  54.0(65.2) 8.7(-39.3)

%) DSC data not obtained.
®) Too small to be detected by DSC; values obtained by optical
microscopy entered.

Landolt-Bérnstein
New Series I11/36C



71

Ferroelectric and antiferroelectric liquid crystals

1235

110

or ——isotropic
—
g// SmA
90 //4»" - x
\_—4 Smc*
e
"“\\ o,
70 N
@ N )/—ov—"“
\ *
\\\__‘\\Sml
50 N o
\SmJ V4
crystal \ ~//
30
6 8 10 12 14 16

n

Fig. 71A-7-001. CnHZHHO—@—CH:CHCOO—@—OCHZCH(CH3)C2H5. Ovs. n [84Les]. m.p.: mesophase-crystal
boundary on cooling. ch: cholesteric.
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Fig. 71A-7-002. C,H,,,0—(_)~CH=CHCOO-(_)~COOCH,CH(CH3)C,Hs. © vs. n [84Les]. m.p.: mesophase-
crystal boundary on cooling.
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Fig. 71A-7-003. C;;H,;0—(_)~CH=CHCOO-(_)~OOCCHCICH(CH3)C,Hs. p vs. T — Oy [91Pra). p: helical
pitch.
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Fig. 71A-7-004. C;;H,;0-(_)—-CH=CHCOO-(_)~OOCCHCICH(CH;)C;Hs. 6, Py vs. T — Oy [91Pra]. : tilt
angle.
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Fig. 71A-7-005. C,H,s0—(_)~CH=CHCOO~(_)~COOCH,CHCICH,CH(CH3),. p vs. T — Oy [91Pra]. p: helical
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Fig. 71A-7-007. C,Hy,10—(_)~CH=CHCOO-(_)~OOCCHCICH,CH(CHs), (n = 6). vs. Oy — T [93Pra). #: tilt
angle.
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Fig. 71A-7-008. C,H,,.,0-( )~CH=CHCOO-({_ )~OOCCHCICH,CH(CHs), (n =6, 7, 8). Ax; vs. T — Oy  [93Pra].
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Parameter: n. Square: n = 6, plus: n =7, triangle: n = 8. Ax;: intensity of high frequency (“soft” mode) dispersion.
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Fig. 71A-7-009. C,H,,.;0—(_)~CH=CHCOO-(_)~OOCCHCICH,CH(CH3), (n = 6). f; vs. T — Oy [93Pra]. fi:
relaxation frequency of high frequency (“soft” mode) dispersion.
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Fig. 71A-7-010. C,H,,,,0-(_)~CH=CHCOO-(_)~OOCCHCICH,CH(CH); (n = 6). P, vs. Gy ;— T [93Pra].
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1241

No. 71A-8 8SI* and analogues

(A) CHap—()—~()—CO0-()~CH,CH(CH;3)C,Hs
(S)-(+)-4-(2’-methylbutyl)phenyl-4’-alkylbiphenyl-4-carboxylate
n = 8: 8SI*.

1b phase

VI

v I

II

I I

IH

crys-
talline
solid

smec-
tic G

(Sm G) | (Sm H)

smec- | smec-
ticH | ticF"

smec-
tic C*

(SmF") | (SmC") | (Sm A)

smec- | chiral
tic A | nematic

iso-
tropic
liquid

state

F

F

P P

O[°C] n=38
9
10

(64)

(55)  (62)
(54) 62

(): monotropic transition temperature

69.5 84
69 83
69 83

135 141
134 138
1325 134

79Goo

3b Smectic layer spacing: Fig. 71A-8-001.
Tilt angle: Fig. 71A-8-002.

5S¢ Spontaneous polarization: Fig. 71A-8-003.

6a DSC intensity: Fig. 71A-8-004.

(B) C,Hy, 0-)—()-CO0-()—CH,CH(CH;)C,H;

(S)-(+)-4-(2’-methylbutyl)phenyl-4’-alkoxybiphenyl-4-carboxylate
n = 8: 80SI*

1b phase

VI

v I

II

I I

I//

crys-
talline
solid

smec-
tic G

(Sm G) | (Sm H)

smec- | smec-
ticH | tic F*

smec-
tic C*

(SmF") | (SmC") | (Sm A)

smec- | chiral
tic A | nematic

iso-
tropic
liquid

state

F

F

P P

O[°C] n=6
7

8

9

10

12

14

16

18

(66)

(61)

(61)
60

(84)

103

(70)  (79) 126

(72)

79 132

(70)  (78) 132

70
(68)
(66)
(65)
(64)

(): monotropic transition temperature

78 132
78 130
78 124
78 120
78 118

172 182
170 177
171 174
169 170
168
162
157
154
152

79Goo

3b Tilt angle: Fig. 71A-8-005.

5S¢ Spontaneous polarization: Fig. 71A-8-006.
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(©) CyHyO—()—()—CO0-()-COOCH(CH3)COOC ,Hypit

1AC1ECPAPB ((R)-4’-(1-alkoxycarbonyl-1-ethoxycarbonyl)phenyl-4-
[4-(n-alkoxy)phenyl]-benzoate)

n=8 m=1: IMCIECPOPB

n=38, m=4: 1BCIECPOPB

n=_8, m=7: 1HpC1IECPOPB

n=28, m=38: 10C1ECPDPB

n=10, m=1: IMC1ECPDPB

5S¢ Spontaneous polarization: Fig. 71A-8-007, Fig. 71A-8-008, Fig. 71A-8-009.

(D) C,H,,10-()—()—C00—()-COOCH,CH(CH;)COOC ;Hypmi

2AC1PCPAPB ((S)-4’-(2-alkoxycarbonyl-1-propoxycarbonyl)phenyl-4-
[4-(n-alkoxy)phenyl]-benzoate)
n=8, m=1: 2MC1PCPOPB

5c¢ Spontaneous polarization: Fig. 71A-8-010; see also Fig. 71A-8-007.

(E) C,Hz10—()—()-C00-)~COOCH(CH;3)CH,COOC ,Hjmi1

3AC2PCPAPB ((R)-4’-(3-alkoxycarbonyl-2-propoxycarbonyl)phenyl-4-
[4-(n-alkoxy)phenyl]-benzoate)
n=_8, m=2: 3EC2PCPOPB

5S¢ Spontaneous polarization: see Fig. 71A-8-007.

(F) CoHy0riO-()—()—CO0—()—COOCH(CH;)CH,0C ,Hymi1
3A2PCPAPB ((R)-4’-(3-alkoxy-2-propoxycarbonyl)phenyl-4-[4-(n-alkoxy)phenyl]-
benzoate)
n =38, m=4: 3B2PCPOPB

5c¢ Spontaneous polarization: Fig. 71A-8-011; see also Fig. 71A-8-009.

(G) C,Hz10-)~()-C00-)—~COOCH(CH;)CH,C(CH;),0H

4H4M2PeCPAPB ((R)-4'-(4-hydroxy-4-methyl-2-pentyloxycarbonyl)phenyl-4-
(4-alkoxyphenyl)-benzoate)
n = 8: 4H4M2PeCPOPB

5c Spontaneous polarization: Fig. 71A-8-012.

(H) CyH;,0—()—()—CO0-()~OCH(CH;)COOC ,Hyps1

1AC1EPAPB ((R)-4’-(1-alkoxycarbonyl-1-ethoxy)phenyl-4-[4-(n-alkoxy)phenyl]-
benzoate)

n=8, m=1: IMC1EPOPB

n =38, m=4: 1IBC1IEPOPB

n=38, m=7: 1IHpC1IEPOPB

n=10, m=1: IMC1EPDPB

n=11, m=1: IMCI1IEPUdPB
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5a Dielectric constant: Fig. 71A-8-013.
¢ Spontaneous polarization: Fig. 71A-8-013; see also Fig. 71A-8-009.

(D) CHzpti0—()—()-CO0—()—OCH(CH;3)CHjmii
p-(1-methyl-alkoxy)-phenyl ester of 4’-alkoxy-4-biphenyl carboxylic acid

Ib n=8, m=3: 86Inu
phase v I II I I
crystalline undefined | smectic C* smectic A isotropic
solid smectic liquid
(Sm X) (Sm C") (Sm A)
state F F P
o[°C] 66.5 80.5 122.5 162.5

Transition temperatures in m = 6 compounds: Fig. 71A-8-014.

3b Tilt angle: Fig. 71A-8-015.

5c Spontaneous polarization: Fig. 71A-8-016.

() CoHyuO-)—()—0CO-()~OCH(CH;)CHame1
4’-alkoxy-4-biphenyl ester of p-(1-methyl-alkoxy)-benzoic acid

Ib m=3: 86Inu
phase I 11 I I
crystalline smectic C* chiral isotropic
solid (Sm C") nematic liquid
state F P
O[°C] n=6 99.0 (84.3) 143.2
8 91.4 95.4 136.7
9 90.9 96.5 130.0
11 78.0 96.8 122.7
(): cooling

Transition temperatures in m = 6: Fig. 71A-8-017.
3b Tilt angle: Fig. 71A-8-018.

5¢ Spontaneous polarization: see Fig. 71A-8-018.

K) CoHi—()—-()-0C0-)-OCH(CH3)C4H;;
4’-alkyl-4-biphenyl ester of p-(1-methyl-heptyloxy)-benzoic acid
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Ib phase 111 11 I I 86Inu
crystalline smectic C* chiral isotropic
solid (Sm C" nematic liquid
state F P
O[°C] n=7 53.1 58.9 106.2
8 50.0 62.5 87.2

(L) CyHy0-()—()—CH,0-()—COOCH(CH;)COOCH;

1MC1EAPBB ((R)-1-methoxycarbonyl-1-ethyl-4-(4’-alkoxyphenyl)-benzyloxybenzoate)
n=38: IMC1EOPBB

5a

Dielectric constant: Fig. 71A-8-019.
Spontaneous polarization: Fig. 71A-8-020; see also Fig. 71A-8-008.

M)  C,Hy,1O-()—()-CH,0-(_)~COOCH,CH(CH;)COOCH;
2MC1PAPBB ((S)-2-methoxycarbonyl-1-propyl-4-(4’-alkoxyphenyl)-
benzyloxybenzoate)

n =8: 2MC1POPBB

5a

Dielectric constant: see Fig. 71A-8-019.

Spontaneous polarization: see Fig. 71A-8-020; see also Fig. 71A-8-010.

™) C,H,,,0-()~()—CH,0-()~COOCH(CH;)CH,COOCH;

3MC2PAPBB ((R)-3-methoxycarbonyl-2-propyl-4-(4’-alkoxyphenyl)-
benzyloxybenzoate)
n =8: 3MC2POPBB

5a

Dielectric constant: see Fig. 71A-8-019.
Spontaneous polarization: see Fig. 71 A-8-020.

(0) C,Hz0-)-()-CH,0-)-COOCH(CH;)CH,0CH,

3B2PAPBB ((R)-3-butoxy-2-propyl-4-(4’-alkoxyphenyl)-benzyloxybenzoate)
n =8: 3B2POPBB

5c

Spontaneous polarization: see Fig. 71A-8-011.

(P) C,H;,.10-)—()—CH,0-()—COOCH(CH;)CH,C(CH;),OH

4H4M2PePAPBB ((R)-4-hydroxy-4-methyl-2-pentyl-4-(4’-alkoxyphenyl)-
benzyloxybenzoate)
n =8: 4H4M2PeOPBB

5c

Spontaneous polarization: see Fig. 71A-8-012.
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T
|

SmC* | SmA
|

SmA

28 I 1 L ! | !

1
30 40 50 60 70 80 90 100 °C 110

Fig. 71A-8-001. 8SI*, 8SI. d vs. T [84Bra]. d: smectic layer spacing. 8SI: racemic compound of 8SI*. Full circle:
heating. Open circle: cooling.
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Fig. 71A-8-002. 8SI*. @ vs. T [91Raj]. - tilt angle.
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Fig. 71A-8-003. 8SI*. P, vs. T [91Raj].
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Fig. 71A-8-004. 8SI*. C vs. T [84Bra]. C: intensity of DSC.
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0.48
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B Sm F* L Sm C*
> o
o
5 e
© o
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0.44 M i
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Temperature T[°C]

Fig. 71A-8-005. 8OSI*. fvs. T [91Raj]. &: tilt angle.
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Fig. 71A-8-006. 8OST*. P, vs. T [91Raj].
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80
105 I
C/m? , TMCIECPOPB
60 h’}\
40 3EC2PCPOPB \\
Qe . . o .
20 .
e
2MCIPCPOPB M\\
0 1 1
50 60 70 80 90 100 110 °C 120
7

Fig. 71A-8-007. IMC1ECPOPB, 2MC1PCPOPB, 3EC2PCPOPB. P vs. T [88Tan1].

80 ] ,
105
C/m? IMC1ECPOPB
60 T\'\.
—TJ;WO"MELEDOPBB . \
10
20 X
0 20 40 60 80 100 °C 120
A

Fig. 71A-8-008. IMC1ECPOPB, IMCIEOPBB. P; vs. T [88Tan2].

250

2o |
\im EPOPB
200 °

T
o
s
=
g 150
5
3 100 °
g 1BC1ECPOPB
8 50
£ 3B2PCPOPB
% A \
A
0 20 40 60 80 100 120
Temperature T[°C]

Fig. 71A-8-009. 1IBC1EPOPB, 1BC1ECPOPB, 3B2PCPOPB. P vs. T [88Tanl1].
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1249

1 - , ,
10 T 2MCTPCPOP
C/m? * \
1
N
o ZHCIPOPES :
8 \“A & L]
| k*% \
0
60 70 80 9 100 110 °C 120

T
Fig. 71A-8-010. 2MC1PCPOPB, 2MC1POPBB. P; vs. T [88Tan2].
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Fig. 71A-8-011. 3B2PCPOPB, 3B2POPBB. P vs. T'[88Tanl].
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Fig. 71A-8-012. 4H4M2PeCPOPB, 4H4M2PeOPBB. P; vs. T [88Tan2].
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30 ;
A0 F=30Hz
C/m?

200 ° 800
S . l
Qs \\o R

100 > 400

0 ) 0
200 30 4 50 60 70 °C 80

r
Fig. 71A-8-013. 1IBC1EPOPB. x P vs. T [87Tan]. f= 30 Hz.

1200

170
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)
SmA
130
® 110
SmcC*
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70 ‘L\ SIT?X P SmY*
\\ \l/ \
SmE crystalline
50 |
b 6 8 10 12

Ne————

Fig. 71A-8-014. C,H,,,10-()—()-CO0—(_)~OCH(CH;)C¢H;3. @vs. n [86Inu].
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35°L\
\
30° S— T~
25° \'\
n=11
Ss)
- ] N 10
15° \
8
10°
-30 =25 -20 -15 -10 -5 °C 0

r- @H_I

Fig. 71A-8-015. C,H,,10-()—()-CO0-(_)~OCH(CH;)CeHy3. 6 vs. T— Gy; [86Inul]. 6 tilt angle. Parameter: n.

100
107
C/m?

75 =

& ’\T\knﬂﬂ

Inm
25

0
-30 -25 -20 -15 -10 -5 °C 0
T-6p

Fig. 71A-8-016. C,H,,.,0—(_)—(_)~C0O0~(_)~OCH(CH;)CsH. Py vs. T— Oy ; [86Inu]. Parameter: n.

140
°C
isotropic
120
r )
100 ]
®
SmC*
80 /\\
crystalline
60
b 6 8 10 12

n =————

Fig. 71A-8-017. C,H,,.;0-(_)—(_)-0CO—(_)~OCH(CH;)CgH,3. @vs. n [86Inu]. N': chiral nematic.
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480° 100
10
C/m?
455° 1 n=78,9,10 75
430 . !
0° 50
o 04— 8
405° 25
380° 0
30 25 20 15 40 °C -5

I-0p ——=

Fig. 71A-8-018. C,H,,,0-()—(0)-0CO-()~OCH(CH3)CgHys. 6, Py vs. T — Oy [86Inu]. 6: tilt angle.
Parameter: n.
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Fig. 71A-8-019. IMC1EOPBB, 3MC2POPBB, 2MCI1POPBB. x vs. T [87Tan]. /=30 Hz.
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Fig. 71A-8-020. IMC1EOPBB, 3MC2POPBB, 2MC1POPBB. P vs. T [87Tan].
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No. 71A-9 p-n-alkylphenyl ester of 4’-(1-methyl-heptyloxy)-biphenyl-4-carboxylic
acid and analogues

(A) CyHyp—()-0CO-)—()—OCH(CH3)CeH,;
p-n-alkylphenyl ester of 4’-(1-methyl-heptyloxy)-biphenyl-4-carboxylic acid

1b Transition temperatures: Fig. 71A-9-001.
3b Tilt angle: Fig. 71A-9-002.

5S¢ Spontaneous polarization: Fig. 71A-9-003.

(B) C,Hz10—()—0CO-)—()~OCH(CH;)CHymii
p-n-alkoxyphenyl ester of 4’-(1-methyl-alkoxy)-biphenyl-4-carboxylic acid

1Ib n=8, m=3: 86Inu
phase I 1I 1 I
crystalline smectic C” chiral isotropic
solid (Sm C") nematic liquid
state F P
O[°C] 71.8 89.8 137.4

Transition temperatures in m = 6 compounds: Fig. 71A-9-004.

3b Tilt angle: Fig. 71A-9-005.

5S¢ Spontaneous polarization: Fig. 71A-9-006.

(©) C,H,,,0-()-0CO-()—0CO-(_)—O(CH,),CH(CH;)(CH,);CH(CH3),
4-n-alkoxyphenyl-4-(3',7-dimethyloctyloxy)benzoyloxy benzoate

1b Transition temperatures: Table 71A-9-001; Fig. 71A-9-007.

5S¢ Spontaneous polarization: Fig. 71A-9-008.

6a Transition enthalpy: see Table 71A-9-001 in subsection 1b.

(D) C,H;,.—()-CO0-)—()-OCH(CH;)C¢H3
4-(1-methylheptyloxy)biphenyl 4-alkylbenzoate

Ib n=8: 86Inu
phase I 1I 1 I
crystalline smectic C” chiral isotropic
solid (Sm C") nematic liquid
state F P
O[°C] 64.5 67.4 90.9

Upon cooling transition from Sm C* to smectic B phase occurs at 57.2 °C.
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(E) CyHy,i0—()—CO0-()—()-OCH(CH;)C4Hj3
4-(1-methylheptyloxy)biphenyl 4-alkoxybenzoate

Ib phase 111 11 I I 86Inu
crystalline smectic C” chiral isotropic
solid (Sm C") nematic liquid
state F P
O[°C] n=7 76.0 91.5 124.6
8 68.8 100.8 125.3
11 66.9 109.1 118.3

NO,
(F) C,Hz,,0-()—C00-) @ OCH(CH;)CeH;3
n=10: W317

3b Tilt angle: Fig. 71A-9-009, Fig. 71A-9-010.
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Table 71A-9-001. C,H,,;0—(_)—0CO—(_)-OCO—(_)—~O(CH,),CH(CH;)(CH,);CH(CHy),. Transition

temperature @ [°C], transition enthalpy AH [- 10° J kg™'], helical twist sense and direction of spontaneous
polarization [87Chi]. m.p.: mesophase-crystal boundary. Ch: cholesteric. Iso: isotropic liquid.

n Twist P (sign) m.p®) Recrystal-  Sm C*- Sm C* -
lization Ch®  Iso
6 d+) () e 970 56.2 114 154.2
AH  65.6 48.6 3.6 1.8
7odH) () e 7195 55.5 116.6 150.0
AH 494 38.1 3.7 1.4
8§ d) ) e 751 51.1 1209 1506
AH 487 31.0 3.4 1.8
10 d+) ) e 613 40.5 119.5 143.5
AH 457 33.9 3.9 1.7
11 d+ e 635 48.1 120.0 138.3
AH 385 39.4 43 1.7
12 d+H) e 1705 524 1202 1386
AH 339 44.8 3.6 1.5
14 d+H O 652 52.7 1187 1339
AH 318 44.0 33 1.6
16 d+) e 701 65.8 1158 1293
AH 595 61.6 25 1.6

*) Temperatures obtained by DSC.
®) Temperatures obtained by thermal optical microscopy.
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60
crystalline
40 l
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n
Fig. 71A-9-001. C,H,,.;—(_)-0CO-(_)~(_)~OCH(CH;)C4H;3. O vs. n [86Inu]. N*: chiral nematic.
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Fig. 71A-9-002. C,H,,1—(_)~0CO—(_)—(C)—OCH(CH3)C4H,. 8 vs. T— Oy [86Inu]. 6: tilt angle. Parameter: n.
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Fig. 71A-9-003. C,Hy,1—()~0CO-(_)~()~OCH(CH3)CsHy3. Py vs. T— Oy [86Inu]. Parameter: n.
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Fig. 71A-9-004. C,H,,.;0—(_)~0CO-(_)~(_)~OCH(CH;)C¢Hs. @ vs. n [86Inu]. N': chiral nematic.
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Fig. 71A-9-005. C,H,,,0-(_)-0CO-()—()~OCH(CH;)CeHy3. 6 vs. T— Gy; [86Inul]. 6 tilt angle. Parameter: .
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Fig. 71A-9-006. C,H,,.;0-(_)—-0CO~(_)—(C)~OCH(CH;)CgH,s. Py vs. T— Gy [86Inu]. Parameter: n.
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Fig. 71A-9-007. C,H,,.,0-(_)—-0C0-(_)~0CO~({_)~O(CH,),CH(CH;)(CH,);CH(CHj),. @ vs. n [87Chi]. m.p.:
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Fig. 71A-9-008. C,H,,.;0-(_)~0CO-(_)-0CO~(_)~O(CH,),CH(CH;)(CH,);CH(CH;), (n = 7). P vs. T
[87Chi].
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No. 71A-10 ETFPPOPB and analogues

(A) CyHy,0-)—()-C00-()-COOCH(CF3)CH,COOC;H;
(-)-4’-(3-ethoxycarbonyl-1,1,1-trifluoro-2-propoxycarbonyl)phenyl
4-[4-(n-alkoxy)phenyl]-benzoate

n =8: ETFPPOPB

3b

Helical pitch: Fig. 71A-10-001

S5a

Dielectric constant: Fig. 71A-10-002.
Dielectric dispersion: Fig. 71A-10-003.

b Effects of applied electric field on x: Fig. 71A-10-004, Fig. 71A-10-005,

Fig. 71A-10-006.

Shift of the peak temperature of x with Ey;,,: Fig. 71A-10-007.

¢ Spontaneous polarization: Fig. 71A-10-008.

(B) C,H;,10-)—()-C00-)~COOCH(CF3)CH,CH,~()
(+)-4’-(1,1,1-trifluoro-4-phenyl-2-butoxycarbonyl)phenyl
4-[4-(n-alkoxy)phenyl]-benzoate

n = 8: TFPBPOPB
5S¢ Spontaneous polarization: see Fig. 71A-10-008.

(C) C,Hz0-)—()-CO0-()-COOCH,CF(CH;)COOC,H;
(-)-4’-(2-ethoxycarbonyl-2-fluoro-1-propoxycarbonyl)phenyl
4-|4-(n-alkoxy)phenyl]-benzoate

n = 8: EFPPOPB
5S¢ Spontaneous polarization: see Fig. 71A-10-008.
(D) (CH;),CHCHCICOO-)—-()-00C-)-R
(S)-4-(2-chloro-3-methyl-butanoyloxy)-4’-(4-subst.-benzoyloxy)-biphenyl
1b phase v I 11 I T 17 87Moh
crystalline | smectic G* | smectic C* | smectic A nematic isotropic
solid (SmG") | (SmC" (Sm A) liquid
state F F P P
R: OC,Hjn+i
O[°C] n=3| 113 115 210
4| 106 126 211
51 75 120 198
6| 85 132 195
71 90 140 185
8| 87 154 188
9| 82 152 177
10| 80 155 172
12| 78 162 164 175
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R: C6H13
| 88 93 140 172
R: CN
| 125 173 229
R: OCH,-CH=CH,
| 97 104 207
3b  Tilt angle: Fig. 71A-10-009, Fig. 71A-10-010.
S5¢  Spontaneous polarization: Fig. 71A-10-011.
(E) (CH;),CHCH,CHCICOO-()—()-00C—()-0OC,Hzuss
(S)-4-(2-chloro-4-methyl-pentanoyloxy)-4'-(4-n-alkoxy-benzoyloxy)-biphenyl
1b phase I II I r 17 87Moh
crystalline | smectic C* smectic A chiral isotropic
solid (Sm C") (Sm A) nematic liquid
state F P P
@[°C] n=5 100 116 158
6 86 122 144 156
7 81 132 145 160
8 80 137 154 160
(F) C,H;CH(CH;)CHCICOO-()—()-00C—()-0OC,Hzqsy
(S)-4-(2-chloro-3-methyl-pentanoyloxy)-4'-(4-n-alkoxy-benzoyloxy)-biphenyl
1b phase I II I ¢ 87Moh
crystalline smectic C* chiral isotropic
solid (Sm C" nematic liquid
state F P
@[°C] n=8 90 177 195
12 90 159 190
(G) (CH;),CHCHCICOO-)-()-R
(S)-4-(2-chloro-3-methyl-butanoyloxy)-4’-subst.-biphenyl
1b  phase I II I I 87Moh
crystalline smectic C* chiral isotropic
solid (Sm C") nematic liquid
state F P
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R:H
O[°C] 120
R: COOH
222 240 260
R: COO—@—OOCOCGH] 3
130 150 212
R: COOf@fOOCOQHlS
130 150 212

(H) (CH;),CHCHCICOO-{)-00C-(_)-R
(S)-1-(2-chloro-3-methyl-butanoyloxy)-4-(4-subst.-benzoyloxy)-benzene

Ib phase I I I I I’ 1” 87Moh
crystalline | smectic C* | smectic A chiral blue phase | isotropic
solid (SmC" | (SmA) nematic liquid
state F P P
R: OC,Hanii
O[°C] n=5| 93 (64)
6| 88 (58)
71 75 (54) (56) (58)
8| 49 62 71 73
9] 65 (47) 67 70
10| 66 (45) 68 70 72
1| 77 (44) (65)
12| 63 (42) 69
R: CnHZnH
n=>5| 77
8| 33 (23)
12| 41 39)
R: OCH,~CH=CH,
42 (40) 55
(): cooling
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71 Ferroelectric and antiferroelectric liquid crystals 1265
() C,Hs;CH(CH;)CHCICOO-()-00C—()-OC,Hzns
(S)-1-(2-chloro-3-methyl-pentanoyloxy)-4-(4-n-alkoxy-benzoyloxy)-benzene
1b  phase I II I I 17 87Moh
crystalline | smectic C* smectic A chiral isotropic
solid (Sm C") (Sm A) nematic liquid
state F P P
O[°Cln=6 64 (42) (45)
7 62 (33) (38)
8 72 (20) (48) (49)
9 63 (52)
11 72 (57)
(): cooling
(J) (CH;),CHCH,CHCICOO-()-00C—~()~0C,Hyys1
(S)-1-(2-chloro-4-methyl-pentanoyloxy)-4-(4-n-alkoxy-benzoyloxy)-benzene
1b phase I II I ¢ 87Moh
crystalline smectic C* smectic A isotropic
solid (SmCH (Sm A) liquid
state F P
O[°C] n=8 59 (54)
9 59 (30) (52)
10 47 (36) 54
11 59 54
(): cooling
(K) (CH;),CHCHCICOO-(_)-COO~{_)-00C~()~OC,Hyps1
(S)-4-(4-n-alkoxy-benzoyloxy)-phenyl-4’-(2-chloro-3-methyl-butanoyloxy)-benzene
1b phase I 1T I ¢ 87Moh
crystalline smectic C” chiral isotropic
solid (Sm C") nematic liquid
state F P
9 [OC] n= 6 90 95 208
7 95 100 191
8 94 108 198
9 106 110 190
10 99 123 193

Landolt-Bérnstein
New Series I11/36C



1266

71 Ferroelectric and antiferroelectric liquid crystals

(L) (CH;),CHCHCICOO-( )-COO-R

(S)-4-(2-chloro-3-methyl-butanoyloxy)-benzoate

1b phase I II I I 87Moh
crystalline smectic C* chiral isotropic
solid (Sm C" nematic liquid
state F P
R:H
O[°C] 120
R:O-O
83
R ()-()-CN
114 188
R: @—@—OOC—©—0C5H]1
180 202 340
R: @—COO—@—OCgHW
85 107 182

(M) (CH;,)ﬁHCHClCOO—@—COO—@%@}C"HZHH
(S)-5-n-alkyl-2-(4-(4-(2-chloro-3-methyl-butanoyloxy)-benzoyloxy)-phenyl)-pyrimidine

Ib phase 111 11 I I 87Moh
crystalline smectic C” chiral isotropic
solid (Sm C" nematic liquid

state F P
O°C] n=6 85 149

7 70 96 202

9 52 (69) 157

(): cooling
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Fig. 71A-10-001. ETFPPOPB. p vs. T [87Tan]. p: helical pitch. Parameter: ¢, cell thickness.
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Fig. 71A-10-002. ETFPPOPB. « vs. T'[87Yo0s1]. Parameter: #, cell thickness. /= 100 Hz.
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Fig. 71A-10-003. ETFPPOPB. «’ vs. T [87Y0s2]. Parameter: f. #: cell thickness.
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Fig. 71A-10-004. ETFPPOPB. « vs. T [87Y0s3]. Parameter: E, measuring ac electric field. f= 100 Hz.
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Fig. 71A-10-005. ETFPPOPB. « vs. T'[87Yo0s4]. Parameter: V, applied dc voltage. Cell thickness: 16 pum. /= 500 Hz.
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Fig. 71A-10-006. ETFPPOPB. 1/Ax vs. T [87Yo0s4]. Ax= x(C") — x(A), where x(C") and x(A) are xin the Sm C"
phase and Sm A phase. Parameter: V, applied dc voltage. Cell thickness: 16 um. f= 500 Hz.
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Fig. 71A-10-007. ETFPPOPB. T,, — 6, vs. E [87Yos4]. T,,: temperature at which dielectric constant shows maxi-
mum. ©): phase transition temperature between Sm A and Sm C* under no bias field. Cell thickness: 6 um. /= 500 Hz.

Landolt-Bérnstein
New Series I11/36C



1270 71 Ferroelectric and antiferroelectric liquid crystals
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Fig. 71A-10-008. ETFPPOPB, TFPBPOPB, EFPPOPB, EPPOPB. P, vs. T [87Tan]. EPPOPB: (-)-4’-(3-ethoxy-
carbonyl-2-propoxycarbonyl)-4-[4-(n-octyloxy)-phenyl]-benzoate.

35°

25°
S

20° o

15°

80 90 100 110 120 130 °C %D

7

Fig. 71A-10-009. (CH3),CHCHCICOO—(_)—()-00C—(_)~OC/oHy;. € vs. T [87Moh]. #: tilt angle determined
by optical microscopic observation.
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Fig. 71A-10-010. (CH;),CHCHCICOO—(_)—(_)-00C—(_)~OCy;Has. 6 vs. T [87Moh]. #: tilt angle determined
by X-ray diffraction.
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Fig. 71A-10-011. (CH;),CHCHCICOO—(_)~(_)-00C—(_)~OC;Hys. P, vs. T [87Moh].
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No. 71A-11 Polymer ferroelectric liquid crystal
_(_CH2_|CH_ X
C
I\
0 0—(CH,),0-(_)-CO0-()—OCH,CH(CH;)CH;
4-n-alkoxyphenyl-4’-(4”-methylhexyloxy)-benzoate based polymer
Ib ;=146 °C. 86Dec

3b Smectic layer spacing: Fig. 71A-11-001.
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Fig. 71A-11-001. 4-n-alkoxyphenyl-4’-(4”-methylhexyloxy)-benzoate based polymer. d vs. T [86Dec]. d: smectic
layer spacing. Dashed curve: intermolecular distance. Solid curve: layer spacing. Square: stretched orientated fiber.

Landolt-Bérnstein
New Series I11/36C



71 Ferroelectric and antiferroelectric liquid crystals 1275

Reference

86Dec  Decobert, G., Dubois, J.-C., Esselin, S., Noél, C.: Liqg. Cryst. 1 (1986) 307.

Landolt-Bérnstein
New Series I11/36C



	PREVIOUS DOCUMENT
	NEXT DOCUMENT
	 
	LB-Home
	Book Front Matter
	Title Pages
	Contributors
	Preamble
	Preface
	Table of Contents

	I  Introduction
	IA  General remarks
	IB  Definition of ferroelectrics and antiferroelectrics
	IC  Remarks on some fundamental concepts and quantities
	ID  Survey of history of ferroelectrics research
	IE  Symbols and units
	IF  Survey of contained data
	IG  Outline of all subvolumes of III/36
	IH  References

	III  Alphabetical index of substances
	IIIA  Pure compounds
	IIIB  Solid solutions
	IIIC  Liquid crystals and polymers (chapters 71, 72)

	II  Data
	Organic crystals
	50  SC(NH_{2})_{2} family
	50A  Pure compound
	50A-1  SC(NH_{2})_{2} [F]

	50B  Solid solution
	50B-1  SC(NH_{2})_{2}-OC(NH_{2})_{2}


	51  CCl_{3}CONH_{2}
	51A  Pure compound
	51A-1  CCl_{3}CONH_{2} [F]


	52  Cu(HCOO)_{2}×4H_{2}O
	52A  Pure compound
	52A-1  Cu(HCOO)_{2}×4H_{2}O [A]


	53  N(CH_{3})_{4}HgCl_{3} family
	53A  Pure compounds
	53A-1  N(CH_{3})_{4}CdBr_{3} [F]
	53A-2  N(CH_{3})_{4}HgCl_{3} [F]
	53A-3  N(CH_{3})_{4}HgBr_{3} [F]
	53A-4  N(CH_{3})_{4}HgBrI_{2}
	53A-5  P(CH_{3})_{4}HgBr_{3} [F]
	53A-6  N(CH_{3})_{4}HgI_{3} [F]


	54  CH_{3}NH_{3}AlCl_{4} family
	54A  Pure compounds
	54A-1  CH_{3}NH_{3}AlCl_{4} [F]
	54A-2  (CH_{3}NH_{3})_{2}AlCl_{5}×6H_{2}O
	54A-3  CH_{3}NH_{3}AlBr_{4} [F]


	55  [(CH_{3})_{2}NH_{2}]_{2}CoCl_{4} family
	55A  Pure compounds
	55A-1  [(CH_{3})_{2}NH_{2}]_{2}CoCl_{4} [(F)]
	55A-2  [(CH_{3})_{2}NH_{2}]_{2}CuCl_{4} [F]
	55A-3  [(CH_{3})_{2}NH_{2}]_{2}ZnCl_{4}


	56  [(CH_{3})_{2}NH_{2}]_{3}Sb_{2}Cl_{9} family
	56A  Pure compounds
	56A-1  [(CH_{3})_{2}NH_{2}]_{3}Sb_{2}Cl_{9} [F]
	56A-2  [(CH_{3})_{3}NH]_{3}Sb_{2}Cl_{9} [F]
	56A-3  [(CH_{3})_{2}NH_{2}]_{3}Sb_{2}Br_{9} [F]
	56A-4  (CH_{3}NH_{3})_{3}Sb_{2}Br_{9} [F]
	56A-5  (CH_{3}NH_{3})_{3}Bi_{2}Br_{9} [F]


	57  (CH_{3}NH_{3})_{5}Bi_{2}Cl_{11} family
	57A  Pure compounds
	57A-1  (CH_{3}NH_{3})_{5}Bi_{2}Cl_{11} [F]
	57A-2  (CH_{3}NH_{3})_{5}Bi_{2}Br_{11} [F]


	58  DSP (Ca_{2}Sr(CH_{3}CH_{2}COO)_{6}) family
	58A  Pure compounds
	58A-1  Ca_{2}Sr(CH_{3}CH_{2}COO)_{6} [F]
	58A-2  Ca_{2}Ba(CH_{3}CH_{2}COO)_{6} [F]
	58A-3  Ca_{2}Pb(CH_{3}CH_{2}COO)_{6} [F]

	58B  Solid solutions
	58B-1  Ca_{2}Sr(CH_{3}CH_{2}COO)_{6}-Ca_{2}Ba(CH_{3}CH_{2}COO)_{6}
	58B-2  Ca_{2}Sr(CH_{3}CH_{2}COO)_{6}-Ca_{2}Pb(CH_{3}CH_{2}COO)_{6}
	58B-3  Ca_{2}Ba(CH_{3}CH_{2}COO)_{6}-Ca_{2}Pb(CH_{3}CH_{2}COO)_{6}
	58B-4  Ca_{2}Sr(CH_{3}CH_{2}COO)_{6(1-x)}(CH_{3}COO)_{6x}
	58B-5  Ca_{2}Sr(CH_{3}CH_{2}COO)_{6(1-x)}(HCF_{2}COO)_{6x}
	58B-6  Ca_{2}Sr(CH_{3}CH_{2}COO)_{6(1-x)}(HCF_{2}CF_{2}COO)_{6x}
	58B-7  Ca_{2}Pb(CH_{3}CH_{2}COO)_{6(1-x)}(CH_{3}COO)_{6x}


	59  (CH_{2}ClCOO)_{2}H·NH_{4} family
	59A  Pure compounds
	59A-1  CH_{2}ClCOONH_{4} [F]
	59A-2  (CH_{2}ClCOO)_{2}H·NH_{4} [F]


	60  TGS ((NH_{2}CH_{2}COOH)_{3}·H_{2}SO_{4}) family
	60A  Pure compounds
	60A-1  (NH_{2}CH_{2}COOH)_{3}·H_{2}SO_{4} [F]
	60A-2  (NH_{2}CH_{2}COOH)_{3}·H_{2}SeO_{4} [F]
	60A-3  (NH_{2}CH_{2}COOH)_{3}·H_{2}BeF_{4} [F]

	60B  Solid solutions
	60B-1  (NH_{2}CH_{2}COOH)_{3}·H_{2}SO_{4}-(NH_{2}CH_{2}COOH)_{3}·H_{2}SeO_{4}
	60B-2  (NH_{2}CH_{2}COOH)_{3}·H_{2}SO_{4}-(NH_{2}CH_{2}COOH)_{3}·H_{2}BeF_{4}
	60B-3  (NH_{2}CH_{2}COOH)_{3}·H_{2}SeO_{4}-(NH_{2}CH_{2}COOH)_{3}·H_{2}BeF_{4}


	61  NH_{2}CH_{2}COOH·AgNO_{3}
	61A  Pure compound
	61A-1  NH_{2}CH_{2}COOH·AgNO_{3} [F]


	62  (NH_{2}CH_{2}COOH)_{2}·HNO_{3}
	62A  Pure compound
	62A-1  (NH_{2}CH_{2}COOH)_{2}·HNO_{3} [F]


	63  (NH_{2}CH_{2}COOH)_{2}·MnCl_{2}·2H_{2}O
	63A  Pure compound
	63A-1  (NH_{2}CH_{2}COOH)_{2}·MnCl_{2}·2H_{2}O [F]


	64  (CH_{3}NHCH_{2}COOH)_{3}·CaCl_{2} family
	64A  Pure compounds
	64A-1  (CH_{3}NHCH_{2}COOH)_{3}·CaCl_{2} [F]
	64A-2  (CH_{3}NHCH_{2}COOH)_{3}·CaBr_{2} [F]


	65  (CH_{3})_{3}NCH_{2}COO·H_{3}PO_{4} family
	65A  Pure compounds
	65A-1  (CH_{3})_{3}NCH_{2}COO·H_{3}PO_{4} [A]
	65A-2  (CH_{3})_{3}NCH_{2}COO·H_{3}AsO_{4} [F]
	65A-3  (CH_{3})_{3}NCH_{2}COO·H_{3}PO_{3} [F]

	65B  Solid solutions
	65B-1  (CH_{3})_{3}NCH_{2}COO·H_{3}PO_{4}-(CH_{3})_{3}NCH_{2}COO·H_{3}AsO_{4}
	65B-2  (CH_{3})_{3}NCH_{2}COO·H_{3}PO_{4}-(CH_{3})_{3}NCH_{2}COO·H_{3}PO_{3}


	66  (CH_{3})_{3}NCH_{2}COO·CaCl_{2}·2H_{2}O
	66A  Pure compound
	66A-1  (CH_{3})_{3}NCH_{2}COO·CaCl_{2}·2H_{2}O [F]


	67  Rochelle salt (NaKC_{4}H_{4}O_{6}·4H_{2}O) family
	67A  Pure compounds
	67A-1  NaKC_{4}H_{4}O_{6}·4H_{2}O [F]
	67A-2  NaNH_{4}C_{4}H_{4}O_{6}·4H_{2}O [(F)]
	67A-3  NaRbC_{4}H_{4}O_{6}·4H_{2}O

	67B  Solid solution
	67B-1  NaKC_{4}H_{4}O_{6}·4H_{2}O-NaNH_{4}C_{4}H_{4}O_{6}·4H_{2}O


	68  LiNH_{4}C_{4}H_{4}O_{6}·H_{2}O family
	68A  Pure compounds
	68A-1  LiNH_{4}C_{4}H_{4}O_{6}·H_{2}O [F]
	68A-2  LiTlC_{4}H_{4}O_{6}·H_{2}O [F]
	68A-3  LiKC_{4}H_{4}O_{6}·H_{2}O

	68B  Solid solutions
	68B-1  LiNH_{4}C_{4}H_{4}O_{6}·H_{2}O-LiTlC_{4}H_{4}O_{6}·H_{2}O
	68B-2  LiNH_{4}C_{4}H_{4}O_{6}·H_{2}O-LiRbC_{4}H_{4}O_{6}·H_{2}O
	68B-3  LiNH_{4}C_{4}H_{4}O_{6}·H_{2}O-LiCsC_{4}H_{4}O_{6}·H_{2}O


	69  C_{5}H_{6}NBF_{4}
	69A  Pure compound
	69A-1  C_{5}H_{6}NBF_{4} [F]


	70  3C_{6}H_{4}(OH)_{2}·CH_{3}OH
	70A  Pure compound
	70A-1  3C_{6}H_{4}(OH)_{2}·CH_{3}OH [F]



	Liquid crystals
	71  Ferroelectric and antiferroelectric liquid crystals
	71A  Ferroelectric liquid crystals
	71A-1  DOBAMBC and analogues
	Survey table
	Figs. 71A-1-001 to 71A-1-068
	References

	71A-2  AOBACPC and analogues
	Survey table
	Figs. 71A-2-001 to 71A-2-015
	References

	71A-3  HAOBAMBC and analogues
	Survey table
	Figs. 71A-3-001 to 71A-3-017
	References

	71A-4  B-8 and analogues
	Survey table
	Figs. 71A-4-001 to 71A-4-012
	References

	71A-5  3M2CPAOB and analogues
	Survey table
	Figs. 71A-5-001 to 71A-5-017
	References

	71A-6  4'-((S)-2-methylbutyloxy)phenyl-4-alkoxy-benzoate and analogues
	Survey table
	Table 71A-6-001
	Figs. 71A-6-001 to 71A-6-033
	References

	71A-7  4-(-2-methylbutyloxy)phenyl-4'-n-alkoxy-cinnamate and analogues
	Survey table
	Tables 71A-7-001 to 71A-7-002
	Figs. 71A-7-001 to 71A-7-010
	References

	71A-8  8Si* and analogues
	Survey table
	Figs. 71A-8-001 to 71A-8-020
	References

	71A-9  p-n-alkylphenyl ester of 4'-(1-methyl-heptyloxy)biphenyl-4-carboxylic acid and analogues
	Survey table
	Table 71A-9-001
	Figs. 71A-9-001 to 71A-9-010
	References

	71A-10  ETFPPOPB and analogues
	Survey table
	Figs. 71A-10-001 to 71A-10-011
	References

	71A-11  Polymer ferroelectric liquid crystal
	Survey table
	Fig. 71A-11-001
	Reference


	71B  Antiferroelectric liquid crystals
	71B-1  MHPOBC and analogues: L-<benzol>-<benzol>-COO-<benzol>-R
	71B-2  10B1M7 and analogues: L-<benzol>-COO-<benzol>-<benzol>-R
	71B-3  MHFPDBC group: L-<benzol>-<benzol>-COO-<benzol-F>-R, L: C_{n}H_{2n+1}, R: COOCCH(CH_{3})C_{6}H_{13}
	71B-4  12F1M7 and analogues: L-<benzol>-<benzol>-COO-<F-benzol>-R
	71B-5  TFMHPDOPB: L-<benzol-N-N>-<benzol>-COO-<benzol>-R, L: C_{12}H_{25}O, R: COOCH(CF_{3})C_{6}H_{13} [A]
	71B-6  TFMHPODB: L-<benzol-O-O>-<benzol>-COO-<benzol>-R, L: C_{8}H_{17}O, R: COOCH(CF_{3})C_{6}H_{13} [A]
	71B-7  Thiobenzoate compound: L-<benzol>-COS-<benzol>-COO-<benzol>-R, L: C_{12}H_{25}O, R: COOCH(CH_{3})C_{6}H_{13} [F,(A)]
	71B-8  Tolan group: L-<benzol>-CºC-<benzol>-COO-<benzol>-R, L: C_{n}H_{2n+1}O, R: COOCH(CH_{3})C_{6}H_{13} [F,A]
	71B-9  MHTAC: L-<benzol>-N=CH-<benzol>-CH=N-<benzol>-R, L: H_{13}C_{6}CH(CH_{3})OCOCH=CH, R: CH=CHCOOCH(CH_{3})C_{6}H_{13} [(A)]



	Polymers
	72  Polymer ferroelectrics
	72-1  (CH_{2}CF_{2})_{n} [F]
	Survey table
	Tables 72-1-001 to 72-1-002
	Figs. 72-1-001 to 72-1-007
	References

	72-2  ((CH_{2}CF_{2})_{x}(CHF×CF_{2})_{1-x})_{n} [F]
	Survey table
	Tables 72-2-001 to 72-2-002
	Figs. 72-2-001 to 72-2-036
	References

	72-3  ((CH_{2}CF_{2})_{x}(CF_{2}CF_{2})_{1-x})_{n} [F]
	Survey table
	Figs. 72-3-001 to 72-3-008
	References

	72-4  (NH(CH_{2})_{x}-1CO)_{n} (x = 5, 7, 9, 11) [F]
	Survey table
	Figs. 72-4-001 to 72-4-007
	References

	72-5  poly-m-Xylylene adipamide [F]
	Survey table
	Fig. 72-5-001
	Reference


	M  Miscellaneous crystals
	M29  H_{2}NCONHNH_{2}·HCl [(F)]
	Survey table
	Tables M29-001 to M29-003
	Figs. M29-001 to M29-004
	References

	M30  CaC_{4}H_{4}O_{6}·4H_{2}O [(F)]
	Survey table
	Tables M30-001 to M30-003
	Figs. M30-001 to M30-007
	References

	M31  C_{9}H_{18}NO [(F)]
	Survey table
	Tables M31-001 to M31-002
	Figs. M31-001 to M31-013
	References

	M32  C_{4}[CH_{2}OC_{6}H_{3}(NO_{2})_{2}]_{2} [F]
	Survey table
	Tables M32-001 to M32-005
	Figs. M32-001 to M32-011
	References





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


