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Materials with induced antiferroelectric phase (SmCA
* ) composed of components having

synclinic (SmC*
�) or orthogonal (SmA) phases have been studied. The characterization in-

cluded profiles of light transmission curves, response times, threshold, saturation and

holding voltages, grey scale, static and dynamic contrast ratio and cone angle between

(+) and (–) ferroelectric states. The mixture A70-B30 showed V-shaped (thresholdless)

switching, while the mixture 115-C85 showed a threshold with a broad hysteresis curve of

tristate antiferroelectrics.

Key words: smectic liquid crystal, induced anticlinic smectic phase, antiferroelectrics,

electrooptic properties of induced antiferroelectric

The discovery of tristate threshold antiferroelectric liquid crystals and then

V-shaped (thresholdless) switching smectics by Fukuda’s team (see review papers

[1,2]) allowed the design of displays having improved viewing angle and grey level

characteristics. Soon it was clear the necessity of further searching of new tilted

smectic materials to obtain greater variety of properties, so that the materials could be

better adapted to different applications. Recently some of us observed that an

anticlinic (antiferroelectric) SmCA
* LC phase may be induced in bicomponent sys-

tems, composed simultaneously of a chiral compound with a fluorinated terminal

chain and a chiral compound with a protonated terminal chain [3,4]. This gives also

the possibility of formulating multicomponent antiferroelectric SmCA
* mixtures from

compounds having synclinic and orthogonal smectic phases. Such possibility was not

known hitherto.

In this work, the electro-optical characterization in dynamic and static conditions

for two types of induced antiferroelectric multicomponent mixtures is presented. The

first mixture contains excess of fluorinated components and the second one contains

excess of protonated components. The aim was to obtain fundamental information

about their electro-optical behaviour and to recognize their potential usefulness in

display applications.
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EXPERIMENTAL

Compounds and mixtures. The fluorinated components have the following structure:
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Phase transitions are given in �C, and transition enthalpies in kcal/mol (italic).

The synthesis of compounds 1 and 2 and also 4 and 5 was recently described [5]. X-ray studies of

these compounds giving layer spacing data and confirmation of the phase identification were presented

[6,7]. The transitions given above come from recent measurements obtained with a new, highly precise

SETARAM 141 DSC instrument for new prepared compounds.

Compounds 1 and 2 have both the same normal synclinic smectic C*
� (confirmed by dielectric

permittivity studies [8]) and orthogonal smectic A phases, but they differ in ability to induce the

antiferroelectric phase with a protonated partner. Compound 1 induces C*
� phase stronger than compound

2 [3]. The two-ring compound 3 does not induce this phase, but it acquires such ability in mixtures with

compounds 1 and 2. The presence of compound 3 allows decrease of the melting point of the eutectic.

The calculated composition of the eutectic of 1, 2 and 3 is the following: 1 – 21.78 wt. %; 2 – 34.97

wt. % and 3 – 43.25 wt. % (mixture A). Mixture A showed the phase transitions: Cr 49�C SmC* 93�C SmA

134�C Iso during heating and it crystallized at about 36�C during cooling.

The protonated components have the following structures and phase transitions:
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Compound 4 has an enantiotropic smectic A phase, and a monotropic SmIA
* phase, compound 5 has

an monotropic smectic A phase only, and compound 8 has only a monotropic nematic phase. Compound 6

has three SmC* subphases, SmA phase and a not yet identified SmX phase below 72�C. At present we

know from miscibility tests that SmX is not an SmCA
* phase. The compound is under investigation by dif-

ferent methods.

Compound 7 has smectic IA
* and A phases and two subphases C*

� and C*
�. This compound was reported

in [10] that has SmC* phase but its transition temperatures were not given there. Two eutectic composi-

tions were calculated and prepared: Eutectic B comprised compounds 4 and 5 in the amount 47.23 wt. %

of 4 and 52.77 wt. % of 5 showed the phase transitions: Cr 70�C SmA 120�C Iso and it crystallized during

cooling at 35�C. Eutectic C contained compounds 4, 5, 6, 7 and 8 with weight percentages 13.99, 9.27,

38.22, 18.52 and 20.0 respectively. The phase transitions of mixture C were: Cr 14–15�C SmC*
� 55�C SmA

84–101�C Iso. It crystallized at about 4–5�C. The smectic SmIA
* was not observed in these mixtures. The

temperature and enthalpy of phase transitions of individual compounds were measured by a SETARAM

141 DSC calorimeter. Phase diagrams of A-B and 1-C systems were obtained by the single concentration

method via weighting a separated sample of about 0.02 g for each concentration. The temperatures of

phase transitions were measured with a LINKAM THMS 600 hot stage and a BIOLAR PZO polarizing

optical microscope. Phases were identified by microscopic observation. Liquid crystal mixtures were

placed between thin microscope plates without spacers.

Cell preparation and electro-optical characterization. The electro-optical (EO) properties of inves-

tigated materials were characterized by sets of experiments. Static and quasi-static behaviour at different

temperatures included half cone angle between ferroelectric (+) and (–) states, electro-optical response

(optical hysteresis curve) to a 1 Hz triangular waveform, contrast ratio and threshold voltage. Dynamic

behaviour included response (rise and fall) times, grey scale and dynamic contrast ratio. For these experi-

ments, the cells were driven either by simple monopolar alternating square pulses or by tailored wave-

forms specifically developed for antiferroelectric and V-shaped materials [11]. Cell gaps between

1.6–1.9 µm were used. Nylon-6 (Aldrich) was used as alignment material in solution of 2,2,2,-

trichloroethanol with three different concentrations (g/l): 7.20, 14.4, 21.6 (the type of alignment is de-

noted as se, sa and sf respectively for these concentrations). The alignment giving the best EO response at

low temperature in terms of dynamic addressing, while keeping adequate contrast was selected for each

mixture. Curing time was always 4 h at 160�C. The alignment layers were deposited by spinning at room

temperature. The spinner speed was 3500 rpm in all cases. Spinning time was 30, 40, and 50 s for layers se,

sa, and sf respectively. Planar parallel (��) alignment was used in all cases.

RESULTS AND DISCUSSION

Phase transitions in multicomponent systems A-B and 1-C. The phase diagram

of the system composed of fluorinated mixture A and protonated mixture B is shown

in Figure 1. The phase diagram of the system composed of compound 1 and

protonated mixture C is shown in Figure 2.

The samples were placed between microscopic slides without orienting layers

and spacers. The lowest temperatures of crystallization in A-B mixtures were found

in the range of higher concentration of fluorinated compounds, while in 1-C mixtures

they were found in the range of higher concentration of protonated compounds.

The induced antiferroelectricSmCA
* phase is observed in A-B systems for the con-

centration range 20–75 wt. % of B. Its thermal stability is highest (about 75�C) for

concentrations 40–50 wt. % of B, and decreases sharply for higher and lower B con-

centrations. Mixtures A-B with B concentration between 20 and 40 wt. % can be

supercooled below room temperature. Their phase diagram (Figure 1) is close to the

phase diagram of the bicomponent system 1–4 described in [3]. However, the ob-
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served maximum of SmCA
* phase was 120�C in that case. The induced SmCA

* phase is

observed in the 1-C system at concentrations 20–85 wt. % of C. The phase exists at

temperatures as high as 100�C (Figure 2). Thermal stability is only weakly dependent

on concentration within the range 25–70% wt. of C; however it decreases rapidly out-

side this range. Mixture A-B containing 70 wt. % of fluorinated component A and 30

wt. % of protonated components B, (marked as W-119 mixture) and mixture 1-C con-

taining 15 wt. % of fluorinated compound 1 and 85 wt. % of protonated mixture C
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Figure 1. Phase diagram of multicomponent mixture A-B. Transition temperatures for heating cycles are

given.

Figure 2. Phase diagram of multicomponent mixtures 1-C. Transition temperatures for heating cycles

are given. Broken line of SmCA
* transition for cooling is added.



(marked as W-131) were selected for further physical and electro-optical studies.

During cooling the mixture W-119 showed the following phase transitions: Cr 13�C

SmCA
* 61.5�C SmC*

� 90.5�C SmA 109–125.6�C Iso; during heating mixture W-119

the transition SmCA
* � SmC*

� was observed at higher temperature (66.5�C). Mixture

W-119 was doped with achiral compound 9 in the amount of 20 wt. % or with com-

pounds 10 or 11 or 12 separately in the amounts 10 wt. %. The resulting mixtures were

called W-119a, b, c, and d respectively.
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In mixtures W-119a, b and c, having still the anticlinic SmCA
* phase, a big hysteresis

of its thermal stability was observed during microscopic observations. Such behav-

iour was observed also in bicomponent systems and seems to be a characteristic fea-

ture of the induced anticlinic phase [3,4].

Mixtures W-119a, b, c and d showed the following phase sequences during cool-

ing (	) and heating (�):

Mixture Phase transitions/�C

W-119a C~4 SmCA
* 57.3 (65) SmC*

� 86 SmA 100 Iso

W-119b Cr~10 SmCA
* 45 (56.6) SmC*

� 82 SmA 94-117 Iso

W-119c Cr~0 SmCA
* 44 (54) SmC*

� 90.5 SmA 106-123 Iso

W-119d Cr~15 SmC*
� 93.7 SmA 108-127 Iso

The dopants 9, 10, 11, 12 decrease the stability of SmCA
* phase in mixture W-119 in

the following way:

12 > 11 > 10 > 9

The achiral ester 12, having a tilted smectic C phase, suppressed the antiferroelectric

phase in mixture W-119 at concentrations above 5 wt. %, while the fluorinated ester 9

showed almost no influence on the stability of this phase even at concentrations up to

20 wt. %. Its protonated analogue 10 decreased the stability of SmCA
* much more,
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nearly in the same way as pyridine 11 did, regardless compound 10 has only orthogo-

nal smectic A phase with the low clearing point, while 11 has the tilted phase C.

The mixture W-131 had phase transitions: Cr~7 SmCA
* 37 (52) SmC*

� 70 SmA

95-110 Iso.

Temperature dependence of tilt angle. Figure 3 shows the temperature depend-

ence of the half-cone angle (
) measured between (+) and (–) ferroelectric states for

mixtures W-119 and W-131. The corresponding dependence of mixtures W-119a, b, c

and d is shown in Figure 4.
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Figure 3. Half-cone angle between (+) and (–) ferroelectric states of mixtures 119 and W-131 upon tem-

perature. Cells 1.8 µm; triangular 1 Hz waveform applied.

Figure 4. Half-cone angle between (+) and (–) ferroelectric states of mixtures 119 a, b, c and d upon tem-

perature.



W-119 is a high tilt mixture. The maximum tilt angle (about 42�) is achieved at 30 de-

gree below the transition to SmA phase. The high tilt below the SmA-SmC* transition

is characteristic of mixtures containing a large amount of chain fluorinated compo-

nents [6,12]. In Figure 3 the drop of the tilt angle 
 to zero value was not observed

directly above the transition temperatureSmC*
� -SmA, found by microscope observation

in non-oriented samples but at a higher temperature. This seems to be a characteristic

feature of those materials. It was also observed in other our mixtures. The reasons of

this drop may be following: – a strong electroclinic effect or – a strong anchoring of

molecules to the surface into a pretty thin cell (1.8 µm), which moves the tilted phases

to a higher temperature region.

The mixtures W-119 and W-131 consist of two benzene rings and three benzene

rings molecules and the components have different ability to form a dimer structure in

these mixtures (the anticlinic phase). The interaction of molecules with surface may

strengthen the dimerization tendency, especially for shorter molecules, because fix-

ing of their spacial position, what ought to influence also their phase transitions. At

this moment it is only a speculation and should be tested experimentally, for example

measuring the phase transitions in thin cells with different gaps and in cells with the

surface covered by polymers anchoring LC molecules with different energy. The

mixture W-131 has a lower tilt (
 = 25�) than W-119 at 30�C below SmA-SmC*
� tran-

sition value.

Table 1. The tilt angle in the investigated mixtures at temperatures 30�C below the transition SmA-SmC*.

Mixtures Temperature/�C 
/�
W-119 60.5 42
W-119a 56 39.5
W-119b 52 31
W-119c 60.6 40
W-119d 63.7 36
W-131 40 26

The effect of dopants on the half-cone angle of the mixture W-119 is low for dop-

ants 9, 11 and 12. Dopant 10 produces a noticeable decrease of the tilt (Table 1). This

is probably a consequence of the absence of a tilted smectic C phase in dopant 10.

Temperature dependence of electro-optical transmission profile and response

times. The electro-optical (EO) behaviour of the above-mentioned mixtures has been

studied using test cells manufactured as shown before. Figure 5 shows the EO re-

sponse of mixtures W-119 and W-131 to a 1 Hz triangular waveform. The EO re-

sponse of mixtures W-119a, b, c and d to the same waveform is shown in Figure 6.

Unless otherwise stated, the cell thickness was 1.8 µm in all cases. Mixture W-119 ex-

ists in the stable antiferroelectric state at the temperature below 55�C and shows

V-shaped electro-optical response with a small hysteresis loop between zero voltage

and the saturation voltage. The saturation voltage is high at low temperatures (20 V or

12V/µm at 30�C), and decreases with increasing temperature: at 55�C is just 15 V (8

V/µm). The V-shape shows a small hysteresis (W-shape), which is more noticeably at
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higher temperatures. V-shaped switching is not observed in mixture W-131 although

it has a less stable – more frustrated smectic CA
* phase than mixture W-119 in such

sense that its thermal stability is lower and the thermal hysteresis for SmCA
* transition

during heating and cooling cycles is observed in a broader temperature range. Mix-
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Figure 5. Comparison of electro-optical response for mixtures: W-119 and W-131 at several tempera-

tures.

Figure 6. Comparison of electro-optical curves for mixtures: 119, 119a, b, c and d at several tempera-

tures.



ture W-131 shows a typical hysteresis curve of tristate antiferroelectric materials

with a very broad hysteresis loop, at 40�C Vth = 14 V and Vsat = 17 V. The reverse tran-

sition from SmC*
� toSmC*

� starts at a low voltage (holding ratio Vh = 8 V) and finishes

nearly at V = 0 V. Threshold and saturation voltages decrease with increasing temper-

ature making the hysteresis loop narrower. The shape of the hysteresis curve is main-

tained up to 55�C, where SmC*
� and SmC*

� phases are in an equilibrium. So this

mixture has not got V-shaped switching below SmC*
� � SmC*

� transition and also in

SmC*
� phase.

Dopants 9–12 affect the EO response in different ways (Figure 6). The dopant 12

has the least effect on electro-optical response. The saturation voltage for W-119d is

even higher than it is observed in host mixture W-119 and the transformation from

V-shaped to W-shaped characteristics starts at a lower temperature (45�C). Anyhow,

this mixture required a higher concentration of buffing material (sf surface condition-

ing, see Table 2) to stabilize the V-shape at low temperatures. This leads to a stronger

anchoring what could partially explain this behaviour. Dopants 9 and 11 (mixture

W-119a and W-119c) evolve the EO response from V-shaped to W-shaped already at

a lower temperature and the saturation voltage is effectively decreased. The effect is

more evident in mixture W-119a than in W-119c, but the concentration of the dopant

in W-119a is two times higher than in W-119c. The dopant 10 keeps the V-shaped

character at low temperature and decreases the saturation voltage. However, the mix-

ture W-119b containing this dopant shows a very irregular profile at higher tempera-

ture. In fact, the EO response of mixture W-119b could not be stabilized with any

tested surface conditioning.

Contrast and grey scale. The dependence of the static contrast ratio with temper-

ature is compared for mixtures W-119 and W-131 in Figure 7 and for mixtures

W-119a, b, c and d in Figure 8. Mixture W-119 contrast is about eight times higher

than mixture W-131 (e.g., 70:1 and 9:1 respectively at 35�C). The mixture W-119

Induced antiferroelectric phases in multicomponent systems 339

Figure 7. Temperature dependence of the contrast ratio for of mixtures: W-119 and W-131.



shows maximum contrast about 100:1 at 65�C, where the highest tilt for this mixture

is also observed. Doping by achiral compounds decreases the contrast. The doped

mixture W-119d has the contrast and its temperature dependence the most similar to

the host mixture W-119.

Figure 9 shows the dependence of the dynamic grey scale on the applied voltage

in thresholdless mixtures W-119, W-119a, b, c, d and in threshold mixture W-131 and

their characteristic driving parameters are listed in Table 2. Dopants modify signifi-

cantly the slope of the dynamic grey scale curve. Dopant 12 decreases moderately the

steepness of the host mixture W-119 and increases the saturation voltage range. Dop-

ants 11 and especially 9 drastically increase the steepness and reduce the saturation

voltage. Again the variations on surface conditioning – hence on anchoring – may

contribute to these results. It should be considered, however, that different buffing

conditionings have been used in order to optimize the low-temperature V-shape

curve, i.e., the most interesting EO parameter from the applications point of view.

One must conclude, therefore, that dopants 11 and 9, by themselves and/or through

their optimum buffing conditionings, produce low voltage V-shape responses: the re-

sponse of W-119a is particularly interesting in this context, for its dynamic range in

compatible with low voltage standard driving electronics. The mixture W-131 in

comparison to V-shape mixture W-119 shows tristate behaviour with a double hyster-

esis loop and needs a higher voltage for switching from the antiferroelectric to the

ferroelectric state and a lower contrast is obtained.
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Figure 8. Temperature dependence of the contrast ratio for of mixtures: W-119a, b, c and d.



Table 2. Dynamic and static properties of the investigated mixtures at 35�C.

W-119 W-119a W-119b W-119c W-119d W-131

Cell gap [µm] 1.8 1.7 1.8 1.9 1.6 1.8

Type of alignment sa se sa sa sf sa

Static contrast ratio 55:1 34:1 17:1 55:1 46:1 9:1

Half-angle (+,–) between
ferroelectric states

40.4 39.5 32 39 38.3 26

Saturation pulse [V/�m] 14.1 8.2 (–) 10.6 21.7 7.3*

Well voltage [V/µm] [11] 5.1 4.8 (–) 4.8 8.6 19.2

Threshold voltage V10 [V] 4.5 1 (–) 3.2 5.4 42.5

Saturation voltage V90 [V] 16.2 4.4 (–) 12.4 19.5 48.7

Dynamic range V [V] 11.7 3.4 (–) 9.2 14.1 6.1

Dynamic contrast ratio (+/–)1 40:1 25:1 (–) 40:1 33:1 7:1

Rise time (µs)2,3 255 100 380 155 80 55

Fall time (µs)2,3 280 690 1300 185 160 4800

Optical transmission profile V-shaped V-shaped V-shaped V-shaped V-shaped threshold

Hysteresis small small irregular small small large

Dynamic properties have been measured at video rate (60 frames/s). Addressing waveforms and definitions
of voltage pulses can be found in [11].
(*) bias (holding) voltage. No saturation in this addressing waveform for tristate AFLCs.
(–) anormalous behaviour.
(1) contrast ratio as maximum transmission divided by minimum transmission.
(2) response times were measured applying a square waveform with a rest time between adjacent pulses.
(3) rise time (10%–90%), fall time (90%–10%) with waveform consist of saturation time and reset time.

Average time for positive and negative cycles is given.
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Figure 9. Comparison of grey scale of thresholdless mixtures: W-119, W-119a, b, c, d and threshold mix-

ture W-131 at temperature 35�C.



The induced smectic antiferroelectric (SmCA
* ) phase exists in large concentration

ranges of multicomponent mixtures, consisting of three and two ring chiral esters

with partially fluorinated terminal alkoxy chain, and their alkyl and alkoxy analogues

with all carbon atom in the terminal protonated chain. Its maximum stability is ob-

served in the concentration ratio of fluorinated to protonated components about 1:1,

what is similar to the behaviour found previously for bicomponent mixtures [3,4].

Such induced antiferroelectric multicomponent mixtures may also contain compo-

nents that are not able to induce the antiferroelectric phase by themselves. Dopants

may be two ring chiral compounds as well as achiral ones. The presence of dopants al-

lows to deep change of the properties of mixtures composed of three ring compounds,

so that tilted smectic materials with properties quite different than the host materials

(and more useful for display applications) may be formulated. Two types of induced

antiferroelectric mixtures of concentrations from the range, where the phase starts to

arise, were prepared and investigated. Such choice should create a system with ran-

dom smectic CA
* phase, which is the most optimal for V-shaped switching as Fukuda

suggested [2], although recently this point of view is questioned [13]. Only the first

one, W-119, with an excess weight of fluorinated compounds, showed V-shaped

switching. The saturation voltage was found to be still high (Table 2), although the

observed grey scale was quite wide.

Recently we investigated mixtures containing only the fluorinated compounds

and found V-shaped switching with a low saturation voltage [14]. Therefore, it would

be possible also in the induced mixtures described here. A lower saturation voltage

may be obtained probably employing more fluorinated components. The mixture

W-119 shows a rather good static (55:1) and dynamic (40:1) contrast as well as nearly

symmetrical rise and decay times in an acceptable range of about 250 µs. The second

mixture (W-131) has quite different properties. It shows that both, threshold and satu-

ration voltages are within typical antiferroelectric materials. A wide hysteresis is ob-

served between the antiferroelectric � ferroelectric transition and the ferroelectric

� antiferroelectric transition. It is probably concordant with the observation that the

smecticCA
* andSmC*

� phases are slowly equilibrated in large temperature and concen-

tration ranges, where the smectic CA
* is induced [3]. The same results from the analy-

sis of switching times were obtained. The rise time is shorter for mixture W-131,

while the fall time is hundred times larger, as the material slowly relaxes to the

antiferroelectric state after electric field is removed.

On the example of mixture W-119 the influence of achiral ester or pyrimidine

type dopants were investigated and it was found that they are able to change the prop-

erties of the host mixture in a positive or a negative sense, what is correlated with the

chemical structure and phase situation of the dopants and their influence on the an-

choring strength ensuring V-shaped switching (Table 2).

The achiral ester 12 decreases the response times more effectively than other dop-

ants; while pyridine dopant 11 decreases less the response times. The decrease of the

threshold voltage and the saturation voltage is observed for this dopant and V-shaped

switching is transformed into the W-shaped switching, but the contrast is observed
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similarly high as in the host mixture. The fluorinated ester 9 reduces drastically the

threshold and saturation voltage.

The results showed above indicate that it is possible to formulate antiferroelectric

mixtures with large temperature ranges from smectic chiral compounds having only

smectic C*
� phase or smectic A phase. Such antiferroelectric materials, in the concen-

tration range where the antiferroelectric phase starts to be induced, may show either

threshold or thresholdless V-shaped/W-shaped switching. Different achiral com-

pounds may be introduced to the mixtures, even in high amounts (more than 20 wt. %).

Antiferroelectric functionality is not destroyed by this addition; however, its static

and dynamic EO characteristics may be broadly adjusted.

The cell fabrication protocol plays an important role in the final EO properties.

The influence of surface conditions on the shape of electro-optical curve and dynamic

behaviour was observed in other works [15]. Especially, the surface is very strong for

material with V-shaped switching characteristics. It is not simple to evaluate sepa-

rately the combined action of the surface and the material itself. At any rate, results

arising from optimized combinations surface/material, like those chosen for analysis

in this work, give the most relevant information for applications in a straightforward

way.

It is interesting to note that V-shaped switching seems to be unrelated to the pres-

ence of smecticCA
* phase. Nearly the same kind of electro-optical characteristic is ob-

served in mixture W-119, within the range of smectic CA
* phase existence, and in its

modified successor W-119d, wherein only smectic C phase is present even at low

temperature.

Fluorinated compounds are an example of chemical structures, where V-shaped

switching occurs more frequently. The first V-shaped materials, Mitsui and Mitsu-

bishi mixtures [2], also have a fluorinated fragment (the CF3 group), but it is located

in the neighbourhood of the chiral centre. On the other hand, the similarity of switch-

ing in W-119 and W-119d mixtures is not surprising, considering the necessary dy-

namic conditions for the reversed transition from ferroelectric to antiferroelectric

phase. Recently, Rudquist et al. demonstrated that the transition from the virgin

antiferroelectric to ferroelectric threshold state was observed only at the first cycle of

applied electric field [13]. In dynamic conditions only the transition from (+) ferro-

electric state to (–) ferroelectric state is realized. Therefore, the observed transitions

in the mixtures W-119 and W-119d have the same nature and as consequence the elec-

tro-optical responses are the same.

The formulation of the antiferroelectric phase by induction enables one to obtain

a variety of materials with dissimilar properties from the same components just

changing the relative concentrations.

Conclusions. The materials formulated by induction mechanism from chiral

smectic C and smectic A compounds are quite promising for applications. Further re-

ductions of voltage for V-shape switching should be obtained. One of the ways could

be an increase of the contents of fluorinated compounds in the mixtures as well as the
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introduction of appropriated dopants. A systematic study of the influence of dopants

having different chemical structures appears to be necessary.

Acknowledgments

Financial support from the Polish State Committee for Scientific Research (grant No 3T09A 073 15) and

Commanded de Madrid (Spain) project no. 07T/0038/2000 are gratefully acknowledged.

REFERENCES

1. Fukuda A., Takanishi Y., Isozaki T., Ishikawa K. and Takezoe H., J. Mat. Chem., 4, 997 (1994).

2. Matsumato T., Fukuda A., Johno M., Motoyama Y., Yuki T., Seomum S.S. and Yamashita M., J. Mat.

Chem., 9, 2051 (1999).

3. Gauza S., Czupryñski K., D¹browski R., Kuczyñski W., Goc F. and Kenig K., Mol.Cryst.Liq.Cryst., 351,

287 (2000).

4. Gauza S., Czupryñski K., D¹browski R., Kuczyñski W. and Pociecha D., Mol. Cryst. Liq. Cryst., (2001

in press).

5. Drzewiñski W., Czupryñski K., D¹browski R. and Neubert M., Mol. Cryst. Liq. Cryst., 328, 401 (1999).

6. Przedmojski J., D¹browski R., Czupryñski K. and Drzewiñski W., Biul. WAT, 59, (8), 19 (2000).

7. D¹browski R., Ferroelectrics, 243, 1 (2000).

8. Rutkowska J., Perkowski P., Kêdzierski J., Raszewski Z., D¹browski R., Gauza S., Czupryñski K. and

Mierczyk E., SPIE, 4147, 101 (2000).

9. Drzewiñski W., D¹browski R., Raszewski Z., Rutkowska J., Neubert M. and Keast S., Mol. Cryst. Liq.

Cryst., 301, 195 (1997).

10. Kobayashi I., Hashimoto S., Suzuki Y., Yajima T., Kawamuchi S., Imase T., Terada M. and Mikami K.,

Mol. Cryst. Liq. Cryst., 328, 131 (1999).

11. Quintana X., Gayo J.L., Rodrigo C., Urruchi V. and Otón J.M., Ferroelectrics, 246, 211 (2000).

12. D’havé K., Dahlgren A., Rudquist P., Lagerwall J.P.F., Anderson G., Matuszczyk M., Lagerwall S.T.,

D¹browski R. and Drzewiñski W., Ferroelectrics, 244, 115 (2000).

13. Rudquist P., Lagerwall J.P.F., Buivydas M. and Gouda F., et al., J. Mater. Chem., 9, 1257 (1999).

14. D¹browski R., Drzewiñski W., Czupryñski K., Gauza S., Kenig K., Kuczyñski W. and Goc F., Mol.

Cryst. Liq. Cryst., (2001 in press).

15. Chandani A.D.L., Cui Y., Seomum S.S., Takanishi Y., Ishikawa K., Takazoe H. and Fukuda A., Liq.

Cryst., 26, 167 (1999).

344 R. D¹browski et al.


