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Novel antiferroelectric liquid crystals with a phenylpiperazine
moiety in the mesogenic core structure

NAWALAGE F. COORAY*, Y. SUZUKI and I. KAWAMURA
Central Research & Development Laboratory, Showa Shell Sekiyu K.K.,

Shimokawairi 123-1, Atsugi, Kanagawa 243-2, Japan

(Received 4 May 1998; accepted 2 March 1999)

A novel series of antiferroelectric liquid crystalline compounds having a phenylpiperazine unit
and a biphenyl or a phenyl moiety in the core structure was synthesized using the optically
active alcohols 2-methyl octanol and 1,1,1-tri¯ uoromethyl octanol. Most of the compounds
exhibited enantiotropic SmC*

A , SmC* and SmA mesophases. The phase transition temper-
atures, response times, spontaneous polarizations and the ® eld-transmittance hysteresis loops
were monitored. These data were compared with those of the MHPOBC compounds, which
represent the most conventional core structure of the biphenyl/phenyl combination. The
replacement of the biphenyl moiety, with the phenylpiperazine unit, reduced the isotropization
temperature as well as the SmC*

A ± SmC transition point. It was found that some of the new
compounds, which consisted of an octyl or a nonyl terminal chain with a 2-methyloctyl
2-¯ uorophenylcaboxylate group in the core structure, could have a potential application in
display devices. Some work on blends of these compounds is also described.

1. Introduction phase, as well as the structure± property relationship of
AFLC materials are not yet understood well enough toFollowing the discovery of tristable switching [1] and
optimize the material parameters.antiferroelectricity [2] in chiral smectic liquid crystals,

In an AFLC molecule, it is believed that electricalconsiderable e� orts have been directed to explore their
properties such as spontaneous polarization and responseapplication potential, in particular in the ® eld of display
time depend on the polar group neighbouring the chiraltechnology. In contrast to conventional nematic liquid
centre, whereas other properties such as rotationalcrystals, ferroelectric (SmC*) and anti-ferroelectric
viscosity and molecular alignments largely depend on(SmC*

A ) liquid crystals o� er the possibility of producing
the core structure of the molecule. During the last¯ at panel displays with such promising characteristics
few years much research has been carried out to clarifyas: wide screen, high resolution and excellent image
the structure± property relationship of AFLC materials,quality [3± 5]. At the same time, shock resistance and
where in many cases the core structure has consistedwell de® ned electric ® eld threshold for switching can be
of the biphenyl/phenyl combination. Major drawbacks ofconsidered as some salient features of the SmC*

A phase
the biphenyl/phenyl system are that (1) in many of theseas compared with the SmC* phase [1].
compounds the SmC*± SmC*

A transition temperaturesAs a consequence of research in this ® eld, a proto-
seem to be far above room temperature and (2) thetype full colour display device with a high contrast ratio
appearance of the highly ordered SmI*

A phase in thehas been developed [6]. However, so far, display manu-
low temperature region. When the biphenyl moiety isfacturers have been unable to commercialize AFLCdisplay
replaced by a phenyl ring, to give compounds with adevices despite continuous e� orts. It seems that there are phenyl/phenyl combination, the melting points are verystill several material requirements to be optimized. To low and the SmC*± SmC*

A transition points are wellbe highly utilizable in display devices, an AFLC material below room temperature. In addition, only a few AFLC
should possesses such vital requirements as: a broad compounds with other core structures, especially with
SmC*

A phase near room temperature, a fast response time, heterocyclic [7± 12] and alicyclic [13, 14] units have
low rotational viscosity, large spontaneous polarization been reported. Therefore, it is clearly useful to focus
and a well de® ned electric ® eld threshold. However, the more attention on the synthesis of new AFLCs having
structural requirements for the appearance of the SmC*

A core structures di� erent from the conventional biphenyl/
phenyl system, in order to generate broad range room

*Author for correspondence. Present address: Microelectronics temperature SmC*
A phases. Herein, we describe the syn-Materials Division, Materials & Materials Engineering

thesis and mesomorphic properties of a new homologousLaboratory, Fujitsu Laboratories Ltd., Morinosato-wakamiya
series of AFLC compounds having a phenylpiperazine10-1, Atsugi, kanagawa 243-0197, Japan.

e-mail: cooray@¯ ab.fujitsu.co.jp moiety in the core structure.
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1198 N. F. Cooray et al.

2. Experimental 2.2.1. 4-(N-decylpiperazino)acetophenone (K10)
1.02g (5mmol) of 4-piperazinoacetophenone was dis-2.1. Measurements

1 H NMR spectra were recorded on a JEOL JNM-GX solved in 5ml of a mixture of CHCl3 and ethanol (1 : 1)
and to this was added 1.105g (5mmol) of decylbromide270 spectrometer; obvious multiplicity and routine

coupling constants are normally not listed here. High and 0.505g (5.5mmol) of diisopropylamine; the mixture
was heated under re¯ ux for 16 h. The mixture was thenperformance liquid chromatography (HPLC) was per-

formed with a Shimadzu LC-10AD instrument with a cooled and solid matter ® ltered o� . The pale yellow
solid mass obtained from the ® ltrate after solventWakosil 5C18 stationary phase using acetonitrile and

tetrahydrofuran (96 :4) as the eluent. DSC was carried evaporation was puri® ed by column chromatography
on alumina with a mixture of hexane and ethylacetateout with a Rigaku DSC-8240D instrument with a TAS
(10 : 4); Rf = 0.75, yield 80%. 1 H NMR (CDCl3 , d, ppm)200 data analysis system, at a heating and cooling rate
7.89 (2H, d, ArH), 6.86 (2H, d, ArH), 3.40 (4H, t, NCH2 ),of 0.1 ß C minÕ 1 under a N2 atmosphere in both heating
2.60 (4H, t, NCH2 ), 2.55 (3H, s, COCH3 ), 2.40 (2H, dd,and cooling modes. The phase transition temperatures
NCH2 ), 1.63± 1.44 (2H, m, CH2CH2N), 1.40± 1.20and mesophase identi® cation of the ® nal products were
(14H, m, 7CH2 ), 0.92 (3H, t, CH3 ).determined by DSC, polarized optical microscopy (using

an Olympus BH2 microscope equipped with a Mettler
FP2 temperature controller) and electro-optical measure- 2.2.2. 4-(N-decylpiperazino)benzoic acid (A10)ments, whichwere made in liquid nitrogen cooling systems. 1.38g (4mmol) of compound K1 0 was dissolved in aHomogeneously aligned cells were prepared as reported mixture of dioxane (100ml) and distilled water (40ml),
by Negi et al. [15]. The spontaneous polarization was and the solution was cooled below 8ß C. Then, 35.5ml
measured by the triangular wave voltage method (35.5mmol) of NaOBr, previously prepared from NaOH
(Ô 100V, 30Hz). The response time was determined by and Br2 in dioxane/water mixture, was added as a steady
applying a rectangular wave voltage of Ô 40V or Ô 50V stream. The mixture was stirred for 1h below 10ß C and
at 1Hz. then for 2h at room temperature. At the end of the

reaction, 0.30g of Na2SO3 in 20ml of water was added,
and the mixture boiled for 1 h. Finally, the mixture was2.2. Synthesis
neutralized with 5% HCl, and poured into an excess ofThe reaction procedure for the preparation of these
cold water. The resulting pale yellow solid mass wasliquid crystal materials is given in the scheme. Detailed
® ltered o� and puri® ed by column chromatography onprocedures for the preparation of starting chiral alcohols,
silica gel with a mixture of hexane and ethylacetate(R)-(+)-2-octanol and (R)-(+)-1,1,1-tri¯ uoro-2-octanol as
(1 : 1); Rf = 0.15, yield 55%, m.p. 33± 34ß C. Other carb-well as phenols, P-ArX6 , are given in the literature [16].
oxylic acids A8 , A9 , and A1 1 were prepared by the same
procedure. 1 H NMR of all four carboxylic acids were
identical: (CDCl3 , d, ppm) 7.94 (2H, d, ArH), 7.43± 7.00
(1H, bs, COOH), 6.86 (2H, d, ArH), 3.40 (4H, t, NCH2 ),
2.76 (4H, t, NCH2 ), 2.50 (2H, dd, NCH2 ), 1.70± 1.46
(2H, m, CH2 ), 1.40± 1.13 (2(n-3)H, m, 7CH2 ), 0.90
(3H, t, CH3 ).

2.2.3. 4-[(R)-(+)-1-methylheptyloxycarbony l]phenyl
4-(N-decylpiperazino)benzoate (C10PP-PH6 )

In a ¯ ask, 0.70g (2mmol) of A1 0 was reacted with
an excess of (COCl)2 in 1,1-dichloroethane at 60ß C for
3 h. Excess (COCl)2 and the solvent were removed by
evaporation. The product was dissolved in 5ml of
CH2 Cl2 and the solution added dropwise to a mixture
of 0.50g of 1-methylheptyl 4-hydroxybenzoate and 0.22g
(2.2mmol) of triethylamine in 4ml of CH2Cl2 . After the
reaction mixture was stirred for 24h at 30ß C under a
N2 atmosphere, it was washed with water and then dried
over anhydrous Mg2SO4 . The product was puri® ed by
column chromatography on alumina with a mixture of
hexane and ethylacetate (10 : 1); Rf = 0.43, yield 78%.
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1199Novel antiferroelectric L Cs

Ten liquid crystal compounds were prepared by the acid or 4-benzyloxy 2-¯ uorobenzoic acid by the follow-
ing sequence of procedures: protection of the hydroxylsame procedure. 1 H NMR (CDCl3 , d, ppm) data of some

representative compounds are given below. group, conversion to acid chloride, esteri® cation with
chiral alcohol and ® nally deprotection of the hydroxylC1 0PP-PH6 : 8.17± 8.00 (4H, m, ArH), 7.33± 7.23 (2H,

d, ArH), 6.93± 6.83 (2H, d, ArH), 5.23± 5.09 (1H, m, CH), function.
The basic synthesis product, 4-(N-alkylpiperazino)-3.40 (4H, t, NCH2 ), 2.60 (4H, t, NCH2 ), 2.50 (2H, dd,

NCH2 ), 1.80± 1.20 (29H, m, CH3 +13(CH2 )), 0.97± 0.80 benzoic acid (A), couldbeobtainedbya twostepprocedure
starting from commercially available 4-piperazinoaceto-(6H, m, 2CH3 ).

C1 0PP-PF6 : 8.23± 7.97 (4H, m, ArH), 7.32 (2H, d, phenone. In the ® rst step, n-alkylation was carried out
with alkylbromide to yield 80% 4-(N-alkylpiperazino)-ArH), 6.89 (2H, d, ArH), 5.46± 5.26 (1H, m, CH), 3.40

(4H, t, NCH2 ), 2.60 (4H, t, NCH2 ), 2.40 (2H, dd, NCH2 ), acetophenone. Secondly, the ketone group was oxidized
with NaOBr, followed by acidi® cation which gave a 50%1.97± 1.83 (2H, m, CH2 ), 1.63± 1.14 (24H, m, 14CH2 ),

1.00± 0.80 (6H, m, 2CH3 ). yield of the corresponding acid. Finally, 4-(N-alkyl-
piperazino)benzoic acid was converted to the acidC1 0PP-BH6 : 8.20± 8.00 (4H, dd, ArH), 7.75± 7.60

(4H, m, ArH), 7.31 (2H, d, ArH), 6.91 (2H, d, ArH), chloride and this was then coupled with optically active
phenol (P-ArX6 ) to give the ® nal AFLC ester compound5.31± 5.11 (1H, m, CH), 3.44 (4H, t, NCH2 ), 2.64

(4H, t, NCH2 ), 2.42 (2H, dd, NCH2 ), 1.91± 1.18 (29H, m, (CnPP-ArX6 ). The ® nal product was puri® ed by column
chromatography on alumina using a mixture of hexaneCH3 +13CH2 ), 1.00± 0.80 (6H, m, 2CH3 ).

C1 0PP-BF6 : 8.20± 8.00 (4H, dd, ArH), 7.75± 7.60 and EtOAc (10: 1) as the eluent and recrystallized from
EtOH.(4H, m, ArH), 7.31 (2H, d, ArH), 6.93 (2H, d, ArH),

5.67± 5.49 (1H, m, CHCF3 ), 3.40 (4H, t, NCH2 ), 2.60
(4H, t, NCH2 ), 2.40 (2H, dd, NCH2 ), 2.00± 1.12 (26H, m, 3.2. L iquid crystalline properties

The phase behaviour of the compounds prepared13CH2 ), 0.97± 0.80 (6H, m, 2CH3 ).
C1 0PP-2FPH6 : 8.09 (2H, d, ArH), 7.92 (1H, m, ArH), was assessed by di� erential scanning calorimetry (DSC),

polarized optical microscopy (POM) and electro-optical7.12± 7.00 (2H, m, ArH), 6.91 (2H, d, ArH), 5.17 (1H, m,
CH), 3.40 (4H, t, NCH2 ), 2.60 (4H, t, NCH2 ), 2.40 measurements. The phase sequences and transition

temperatures of all the liquid crystal homologues are(2H, dd, NCH2 ), 1.80± 1.20 (29H, m, CH3 +13CH2 ),
0.96± 0.80 (6H, m, 2CH3 ). summarized in table 1. As can be seen, most of the

compounds exhibited enantiotropic SmC* and SmC*
A

mesophases over a wide range of temperatures. In3. Results and discussion
3.1. Synthesis addition, these compounds exhibited the SmA phase,

which is an important feature for preparing well-alignedThe synthetic procedure for the new AFLC com-
pounds is outlined in the reaction scheme. The starting homogenous samples.

In this series of compounds, if there is a biphenylchiral alcohols (R)-(+)-1,1,1-tri¯ uoro-2-octanol and
(R)-(+)-2-octanol were prepared by the method of Suzuki moiety adjacent to the chiral centre (compounds

C1 0PP-BH6 and C1 0PP-BF6 ), the melting points (Tm )et al. [16]. The enantiomeric excess of the compounds
was found to be 90± 95%. Optically active phenols, and isotropization points (TI) are noticeably high. As it is

well known, stronger electron conjugation along the liquidP-ArX6 , wereprepared starting from4-benzyloxybenzoic

Table 1. Liquid crystalline properties of the new AFLC compounds.

Phase transition temperatures/ß C

Compound Heating Cooling

C8PP-PF6 Cr 39.8 SmCA 57.0 SmA 69.0 I Cr Õ 2.4 SmCA 55.0 SmA 68.2 I
C8PP-2FPF6 Cr 43.7 SmCA 57.4 SmA 59.6 I Cr 7.9 SmCA 56.9 SmA 59.1 I
C8PP-2FPH6 Cr 41.1 SmCA 78.4 SmC 80.9 SmA 103.6 I Cr Õ 0.8 SmCA 77.1 SmC 80.6 SmA 103.0 I
C9PP-2FPH6 Cr 38.8 SmCA 78.7 SmC 84.7 SmA 101.9 I Cr Õ SmIA 40.0 SmCA 77.6 SmC 83.8 SmA 101.9 I
C1 0PP-2FPH6 Cr 44.8 SmCA 81.8 SmC 84.9 SmA 100.0 I Cr Õ 50 SmIA 45.0 SmCA 81.5 SmC 84.8 SmA 99.5 I
C1 0PP-PF6 Õ SmCA 55.6 SmC 56.8 SmA 63.9 I < Õ 50 SmCA 54.5 SmC 56.6 SmA 68.2 I
C1 0PP-PH6 Cr 72.4 SmCA 85.8 SmC 89.9 SmA 106.3 I Cr 67.5 SmCA 85.0 SmC 89.3 SmA 68.2 I
C1 0PP-BH6 Cr 89.5 SmIA 116.8 SmC 159.9 SmA 211 I Cr 21.4 SmIA 116.1 SmC 159.2 SmA 210.1 I
C1 0PP-BF6 Cr 100.8 SmCA 126 SmC 166.6 SmA 208 I Cr 84.7 SmCA 122.9 SmC 165.8 SmA 208 I
C1 1PP-2FPH6 Cr 42.7 SmCA 83.3 SmC 86.1 SmA 98.5 I Cr Õ SmIA 48.0 SmCA 82.2 SmC 85.0 SmA 98.4 I
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1200 N. F. Cooray et al.

crystalline molecule, as well as the higher molecular pound. In addition, in this compound and also in
weight, may be related to higher Tm and TI values as compound C8PP-PF6 , a direct SmA± SmC*

A transition
compared with those of phenyl counterparts. Compound without a SmC* phase could be observed. This suggests
C1 0PP-BH6 , which contains a CH3 group at the chiral that the highly polar CF3 group stabilizes the antiferro-
centre, did not exhibit a SmC*

A mesophase while its CF3 electric ordering. Furthermore, comparison of com-
homologue (C1 0PP-BF6 ) did. However, as the SmC*

A pounds C1 0PP-PF6 with C1 0PP-PH6 and C1 0PP-2FPH6

temperature range lies well above room temperature and C1 0PP-BF6 with C1 0PP-BH6 revealed that the com-
(84.7± 122.9ß C), we believe that there is little possibility pounds with a CH3 group exhibited a highly ordered
to use these compounds in display devices. Therefore, in SmI*

A phase (except in C1 0PP-PH6 which gave a narrow
order to bring down the Tm and TI , as well as to get a SmC*

A phase) narrowing the SmC*
A temperature range.

room temperature SmC*
A phase, the biphenyl moiety of On the contrary, the compound with a CF3 group

these compounds was replaced with a phenyl ring. This exhibited a very broad SmC*
A . This antiferroelectricity

change led to a drastic decrease in Tm and TI ; for most stabilization due to the CF3 substitution has been
of the compounds these temperatures were found to be reported by Suzuki et al. [17]. When we consider the
around 40 and 100ß C, respectively. Moreover, during e� ect of terminal chain length on the LC properties by
the cooling process the SmC*

A phase persisted below comparing compounds CnPP-2FPH6 ; n = 8~11, the
room temperature, i.e. SmC*

A ± Cr transition temperatures broadest SmC*
A phase can be seen with the octyl tail.

for compounds C1 0PP-PF6 , C8PP-PF6 and C8PP-2FPF6 When the terminal chain is longer than the octyl group,
were found to be < Õ 50, 2.4 and Õ 0.8ß C, respectively. compounds exhibited the SmI*

A phase, narrowing the
If we compare themesophase properties of compounds SmC*

A phase. However, it was observed that the terminal
C8PP-2FPH6 and C8PP-2FPF6 , which contain a CH3 chain length had little e� ect on the isotropization
group and a CF3 group at the chiral centre, respectively, temperatures of the AFLC materials.
a drastic decrease of TI can be seen in the latter com- Let us now compare the liquid crystalline properties

of these new compounds, in particular, CnPP-2FPH6 ;
n = 8~11, with those of the AFLCs having the most
conventional core structure of biphenyl/phenyl com-
bination: MHPOBC [18, 19] (® gure 1). Tables 1 and 2
show that the introduction of the phenylpiperazineFigure 1. Chemical structure of some F-substituted

MHPOBC compounds. system, replacing the biphenyl moiety, notably depresses

Figure 2. E� ect of temperature on
spontaneous polarization of the
new AFLC compounds with
the decyl terminal chain.

Table 2. Phase transition temperatures (ß C) of some F-substituted MHPOBC compounds [18, 19].

n Heating Cooling

8 Cr 39.3 SmCA 122.8 SmC 123.6 SmA 141.6 I Cr Õ 14 SmCA 122.3 SmC 123.1 SmA 141.2 I
9 Cr 41.9 SmCA 118.6 SmC 122.2 SmA 134.7 I Cr Õ 23 SmIA 40.0 SmCA 117.4 SmC 121.6 SmA 134.1 I

10 Cr 31 SmCA 118.6 SmC 122.3 SmA 132.6 I
11 Cr 36.2 SmCA 112.3 SmC 120.3 SmA 128.3 I Cr Õ 3.2 SmIA 30.0 SmCA 109.2 SmC 119.8 SmA 127.9 I
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1201Novel antiferroelectric L Cs

the isotropization point. Although this structural change centre. As is well accepted, a very strong p-electron
conjugation along the molecular axis due to three phenylwould have little in¯ uence on the crystallization temper-

ature, a marked decrease of the SmC*
A temperature range rings, together with a very strong electron withdrawing

group (CF3 ) at the chiral centre, would induce a strongcan be seen.
dipole moment in the molecule resulting in a large
spontaneous polarization. However, in this compound3.3. Electro-optical properties

3.3.1. Spontaneous polarization when the CF3 was replaced by a CH3 group the SmC*
A

phase disappears and the spontaneous polarizationThe temperature dependence of the spontaneous
polarization of the newly prepared compounds with a became signi® cantly smaller (45 nCcmÕ 2 at 119ß C).

When the biphenyl group was replaced with a phenyldecyl terminal chain, measured by a triangular wave
voltage method (Ô 100 V, 30Hz), is illustrated in ® gure 2. ring, in compound C1 0PP-PF6 , again Ps became very

small (50 nCcmÕ 2 ). This suggests that the removal ofAmong them, the largest Ps of 130 nCcmÕ 2 at 80ß C was
seen in compound C1 0PP-BF6 : the phenylpiperazine/ one phenyl ring adversely a� ects the magnitude of the

spontaneous polarization. Compound C1 0PP-2FPH6 ,biphenyl combination with a CF3 group at the chiral

Figure 3. E� ect of temperature
on response times of the new
AFLC compounds.

Figure 4. Comparison of the res-
ponse times of the new 2FPH6

homologues (u ) with those of
F-substituted MHPOBC com-
pounds (D ) around room tem-
perature (cell thickness=2.0mm,
E = Ô 25 V mmÕ 1 ).
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1202 N. F. Cooray et al.

consisting of a 2-¯ uorophenyl moiety with a CH3 group ment in a homogenous liquid crystal cell; it is considered
that the molecular alignment in a cell is governed byat the chiral centre, gave a moderate spontaneous

polarization of 70 nCcmÕ 2 at 32ß C. the balance of molecular± molecular and molecular±
substrate (alignment polymer layer) interactions. In other
words, the nature of the LC molecule is a prime factor3.3.2. Response time

The response time of an AFLC material is considered in deciding the contrast ratio. In practice, the contrast
ratio is assessed by the electric ® eld± light transmittanceto be a very important feature as it a� ects the addressing

speed of a display device. AFLC materials with a few pro® le measured by a triangular wave voltage method.
It is widely accepted that a wide hysteresis and steepnesstenths of microseconds response time around room

temperature are currently in great demand in display around the threshold voltage are sound indications for
good electro-optical properties. The appropriate balancetechnology. Figure 3 illustrates the e� ect of temperature

on the response time of the new compounds. Compounds of steepness and the width of the hysteresis is described
C1 0PP-PF6 and C8PP-2FPF6 gave comparatively slow
responses. This is because at the low SmC*± SmC*

A

transition points (54.5 and 56.9ß C, respectively) of these
compounds the viscosity increases resulting in slow
responses as noted from the equation

t =g/Ps ¯ E

where t = response time, g= viscosity, Ps = spontaneous
polarization, and E = electric ® eld. On the other hand,
compound C1 0PP-BF6 gave the quickest response.
This behaviour may be mainly attributed to the large
spontaneous polarization (see ® gure 2) together with
a comparatively high SmC*± SmC*

A transition temper-
ature (121ß C) which gives a low viscosity around this
transition point. The other compounds, particularly
2FPH6 homologues, possessed moderate SmC*± SmC*

A

transition points and exhibited fast responses around
room temperature.

If we compare the actual response times, as well as the
response time measuring conditions of the new materials
(2FPH6 homologues), with those of the MHPOBC
counterparts (® gure 4), it may be noted that a weaker
electric ® eld is su� cient for the new compounds (Ô 40V,
1Hz), in contrast to MHPOBC materials which require
Ô 50 V or Ô 60 V (1Hz), particularly around room
temperature. As it requires a strong electric ® eld at low
temperatures, the response time of the (MHPOBC)
biphenyl member with an octyl terminal chain has not
been reported. This suggests that these new compounds
exhibit weaker antiferroelectric couplings than those of
(MHPOBC) biphenyl compounds. Due to this weak
antiferroelectric nature, the new compounds, especially
those having an octyl or a nonyl tail, gave faster
responses than those of the phenyl counterparts as
depicted in ® gure 3.

3.3.3. Electro-optical hysteresis
Figure 5. Electro-optic switching characteristics of the newThe contrast ratioÐ light transmittance of the SmC*

A
AFLC compounds: (1) C8PP-PF6 at 30ß C, (2) C8PP-phase (dark state) to the SmC* phase (bright state)Ð is
2FPF6 at 30ß C, (3) C1 0PP-PF6 at 20ß C, (4) C1 0PP-BF6considered to be one of the vital requirements which at 81ß C, (5) C8PP-2FPH6 at 47ß C, (6) C9PP-2FPH6 at

decide the quality of a display device. The magnitude of 40ß C, (7) C1 0PP-2FPH6 at 50ß C and (8) C1 0PP-PH6

at 65ß C.the contrast ratio re¯ ects the extent of molecular align-
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1203Novel antiferroelectric L Cs

exhibited SmC* and SmC*
A mesophases and in some

compounds the SmC*
A phase persisted well below room

temperature. The spontaneous polarizations of the com-
pounds in the SmC*

A phase ranged from 50± 130 nCcmÕ 2 .
They possessed response times of 4± 25ms at temper-
atures 10ß C below the SmC*± SmC*

A transition point.
Compounds C8 PP-2FPH6 and C9PP-2FPH6 gave well-
de® ned hysteresis loops with good driving margins.
When 10% C8PP-2FPH6 was added to a previous
AFLC blend, a great improvement in the contrast ratio
could be seen.
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