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Abstract. Liquid crystals (LC) are widely used in optical devices. New electro-optic effects are still being 
established. The requirements of such devices increases thus still new materials are elaborated for such purpose. 
In this review, two electro-optic effects are described, namely Surface Stabilized Ferroelectric LC (SSFLC) and 
Deformed Helix Ferroelectric LC (DHFLC) effects. New ferroelectric liquid crystal mixtures were formulated 
which can be used in devices operating on the basis of the mentioned electro-optic effects. Two ways of mixture 
preparation have been used: mixing of chiral components or mixing of achiral components with addition of a small 
amount of chiral dopant. The ferroelectric mixtures with very short (less than 200 nm) or very long (more than 1 
μm) pitches are discussed. The mixtures meet almost all requirements of SSFLC and DHFLC effects and therefore, 
have important prospects for applications in optical sensors. 
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Аннотация. Жидкие кристаллы (ЖК) широко используются в оптических устройствах. Несмотря 
на это новые электрооптические эффекты все еще устанавливаются для таких материалов. 
Возрастающие требования к таким устройствам требуют разработки новых материалов для этих целей. 
В обзоре описываются два электрооптических эффекта, а именно эффект поверхностно-
стабилизированного сегнетоэлектрического ЖК (SSFLC) и эффект сегнетоэлектрического ЖК с 
деформированной спиралью (DHFLC). Сформированы новые смеси сегнетоэлектрических жидких 
кристаллов, которые могут быть использованы в устройствах, работающих на упомянутых 
электрооптических эффектах. Эти смеси были приготовлены двумя разными способами, а именно путем 
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смешивания хиральных компонентов и путем смешивания ахиральных компонентов с добавлением 
небольшого количества хиральной добавки. В статье обсуждаются сегнетоэлектрические смеси как с 
очень коротким (менее 200 нм), так и с очень длинным (более 1 мкм) шагом спирали. Подобные смеси 
удовлетворяют почти всем требованиям эффектов SSFLC и DHFLC и поэтому имеют большие 
перспективы применения. 

Ключевые слова: жидкие кристаллы, сегнетоэлектрическая фаза, сегнетоэлектрические смеси, 
SSFLC-эффект, DHF-эффект 
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properties suitable for surface stabilized and deformed helix effects. Liq. Cryst. and their Appl., 2021, 21 (4), 61–
73. DOI: 10.18083/LCAppl.2021.4.61. 

 
 

Introduction 
 

Ferroelectric liquid crystals (FLCs) are materials 
that possess a spontaneous polarisation (PS) in the 
absence of an external field and they can be reoriented 
on the application of electric field. After the 
ferroelectricity in liquid crystals was discovered in 
1975 [1], many books and articles were written about 
synthesis, studies and application of new compounds 
having such properties [2–12]. Since then, many 
compounds have been synthesized and new materials 
on their basis were prepared and tested [13–21]. FLCs 
are characterized by fast electro-optical response, low 
driving voltage and memory effects, which make them 
suitable candidates for many advanced applications, 
such as displays, gratings or sensors [22–25]. Different 
electro-optical modes can be successfully used for these 
applications: (i) Surface Stabilized (SS) FLC [26, 27]; 
(ii) Deformed Helix (DH) FLC [28–30]; (iii) 
Electrically Suppressed Helix (ESH) of FLC [29]; (iv) 
modulation of light in the diffraction FLC grating [31]; 
(v) orientational electro-optical Kerr effect [32, 33] and 
others. This mini-review summarises results on 
recently prepared ferroelectric liquid crystalline 
materials and their multicomponent mixtures [34–39]. 

 
Electro-optical effects of FLCs 

 
The main electro-optical switching modes of 

ferroelectric LCs are based on the field-induced director 
rotation on the "smectic cone" under the torque 
connected with the coupling of spontaneous 
polarization and electric field PSxE. It allows obtaining 
the switching between dark and bright states with much 
lower energy barrier than that for nematic liquid 
crystals, hence the electro-optical effects based on 
FLCs are characterized by considerably shorter 
switching times. Two effects (SSFLC and DHFLC) are 
the most popular and they will be discussed here.  

DHFLC electro-optical effect 
In the DHFLC effect, the helix axis is parallel to 

the substrate’s plane of LC cell, and the helix is partially 
unwound when the electric field E is applied (which 
should be smaller than the so-called critical field EC 
causing complete helix unwinding). The electric field 
also changes the optical axis orientation of LC medium 
relatively to crossed polarizers (Fig. 1). The basic 
condition for occurrence of DHFLC effect is that the 
helical pitch p should be much smaller than the 
thickness d of the LC cell (p << d). DHFLC effect is 
very promising because of tunable, continuous and 
hysteresis-free optical phase shift at low voltages and 
short response times (shorter than in other electro-
optical effects based on smectic LCs) either in 
transmission or reflection modes [30, 40, 41].  

The parameters characterizing the DHFLC 
effect: transmission between crossed polarizers (Tn), 
switching time (τ) and critical electric field (EC) can be 
described by the following equations (1–3) [41]: 
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where β is the angle between the polarizer axis and helix 
axis of FLC phase; Δα(E) denotes the deviation of optical 
axis from normal to layer z due to electric field; d is the 
thickness of  LC cell; Δneff  is the effective birefringence 
of LC; λ is the wavelength; γ is the rotation viscosity; K 
is the elastic constant. From the equations (1–3) it can be 
concluded that the helical pitch p is the most important 
physicochemical parameter of LCs in DHFLC effect as it 
strongly affects τ and EC. The pitch should be as low           
as possible (at least below 200 nm) in order to lead to the  
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decrease in switching times and increase in the operating 
voltage range of the described effect. A high tilt angle 
of the director θ (ideally it should be as close to 45° as 
possible) promoting high transmission Tn and a 
moderate spontaneous polarization PS (ideally it should 
be within the range 120–180 nC/cm2) are the other 
important parameters.  

Concerning the values of spontaneous polarization PS 
[42], it can be mentioned that too low values of PS can 
result in a strong decrease of contrast, and too high 
values of PS cause the shortening of electric field range, 
in which the DHFLC effect appears. Additionally, low 
values of rotational viscosity γ help to achieve short 
switching times. 

 

 
 

Fig. 1. Arrangement of molecules (blue bars), director n (dark arrows) and spontaneous polarization PS (red arrows) in 
spontaneously created helical structure in FLCs (a). The change in the arrangement of molecules and the resulting change of 
optical axis vs. crossed polarizers in DHFLC effect with the model shapes of electro-optical response (b). The two stable 
synclinic F-states in SSFLC as well as the model shape of electro-optical hysteresis with marked characteristic electric field 
and transmission points (c). Molecules and directors in four consecutive smectic layers as well as tilt angle θ are indicated 
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SSFLC electro-optical effect 

In the SSFLC effect, the anchoring surface of LC 
cell should be strong enough to unwind the SmC* 
helical structure close to the surfaces. When the LC cell 
gap d is sufficiently small (d << p), the helix is 
suppressed by the surface action also in the volume. 
This allows the formation of two possible stable 
director orientations, simultaneously fulfilling the 
conditions that the molecules must be parallel to the LC 
cell surfaces. In the SSFLC effect, two stable states 
(called synclinic states – F) are energetically equivalent 
at E=0, but can be switched between each other by 
means of an electric field E that causes the molecules to 
rearrange in a way that the sense of spontaneous 
polarization vector of each layer is consistent with that 
of the electric field (Fig. 1). 

The optical indicatrix axis is along to the director 
of both states. In the SSFLC effect, the switching to the 
synclinic state is of threshold type and it begins at the 
threshold electric field Eth and ends at the saturation 
electric field Esat. In order to obtain a dark state between 
crossed polarizers, one director of two possible 
synclinic states should be parallel to one polarizer in LC 
cell. 

The parameters characterizing the SSFLC effect 
are the transmission (Tn) between crossed polarizers 
and the reorientation time (τE) of molecules under 
electric field are expressed by the following equations 
(4, 5) [26]: 
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where α is the angle between the polarizer and director 
axes of FLC. 

To assure the maximum contrast in SSFLC 
effect, the tilt angle θ should be 22.5o. Moreover, the 
helical pitch p should be as long as possible to obtain a 
good surface stabilization of smectic layers of FLCs. 
According to the equation (5), the spontaneous 
polarization PS should have moderate values to ensure 
short time τE and reduce the electric current in LC cell 
as well as the driving electric field used for switching 
of molecules in LC cell. To obtain short-time switching 
between the dark and bright states, it is also very 
important to design FLCs with low rotational viscosity 
γ., Besides its fast electro-optical response, the SSFLC 
effect is known possessing a hysteresis of electro-
optical switching behaviour. In-plane switching of the 

optical axis in LC cell is also observed. According to 
the equation (5) and Fig. 1, c, the SSFLC effect exhibits 
symmetric switching times because both the rise and 
fall times (τon and τoff, correspondgly) are dependent on 
the electric field E. 

The major obstacle for commercialization of 
SSFLC effect in potential applications is the 
insufficient contrast of LC cell placed between crossed 
polarizers due to light leakage in the dark state. This 
imperfection is mainly caused by the tendencies of 
smectic layers to fold into a chevron-like structure 
when transferring from an orthogonal phase (SmA*) to 
a tilted phase (e.g. SmC*). The appearance of such 
structure results in an inhomogeneous arrangement of 
the optical axis of LC medium. The main source of this 
effect is the decrease of smectic layer thickness d due 
to the tilt of molecules (dSmC* ∼ dSmA* cos θ). On cooling 
through the SmA* –SmC* transition, the layers do not 
slip along the glass surface of LC cell and the smectic 
periodicity close to this surface corresponds to SmA* 
phase. The only way for the material to satisfy the new 
smaller layer thickness of SmC* phase in the bulk of 
LC cell is to fold in chevron-like structure. 
Characteristic zig-zag defects appear and cause 
mentioned light leakage in the dark state of LC cell 
placed between crossed polarizers in the SSFLC effect. 
The method to minimize the above mentioned 
disadvantages is the use of FLCs with the possible 
smallest layer shrinkage during the transition to a tilted 
phase. Moreover, the presence of a nematic phase in the 
phase sequence of LC material affects the improvement of 
molecule alignment in LC cell. 

 
Preparation of mixtures 

 
Considering such a complex research task of 

simultaneous tailoring of several parameters in DHFLC 
and SSFLC effects, it is clear that those requirements 
cannot be reached in a single smectogenic compound, 
but the only possible solution is to design and prepare 
specific multicomponent LC mixtures. There are at 
least two main approaches to design and obtain 
desirable FLC mixtures. The first one is based on 
doping an achiral base smectic C mixture with a chiral 
dopant or dopants, to produce chiral smectic C* mixture 
possessing the optimal physico-chemical and electro-
optical properties. The advantage of this FLC mixtures 
concept is the ability of controlling the values of 
spontaneous polarization PS and helical pitch p in            
a broad range. Additionally,  this approach  consists in 
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keeping the rotational viscosity of the final material as 
low as in the basic smectogenic mixture and providing 
the possibility to obtain phase sequence with nematic 
phase at higher temperature. However, the director tilt 
angle in mixtures developed by this method is rather 
low (θ < 35). Such mixtures can also exhibit strong 
instability when the concentration of chiral dopant is 
high. The instability often occurs in LC mixtures 
consisting of compounds significantly differing in 
chemical structure. It can cause precipitation of some 
components, mainly of chiral dopant.  

The second approach relies on the mixing of 
chiral LC compounds promoting chiral tilted phases. 
This method provides advanced LC materials with high 
stability and allows to obtain high director tilt angle         
θ in SmC* phase. 

All above information about the requirements 
and drawbacks of LC materials dedicated to the 
DHFLC and SSFLC effects have become motivation 
for the Military University of Technology research 
team to design and develop new generation of FLCs. 
In this paper, we demonstrate summary of these 
efforts. 

FLCs prepared from achiral SmC basic mixture and 
chiral dopants 

In order to obtain FLCs material according to the 
idea of doping achiral mixture with chiral dopant, the 
bicyclic pyrimidine compounds with alkyl or/and 
alkoxy terminal chain (based on a general structure 1, 
where: R1 and R2 are CnH2n+1– or CnH2n+1O–; n = 4 ÷11) 
were chosen and an achiral base mixture (denoted here 
as W) was prepared [37]. 

 

 

1 

The prepared eutectic base mixture W exhibits the 
following phase transitions at heating: 

Cr 7.9 C SmC 68.8 C SmA 82.8 C N 87.0 C Iso. 
To induce ferroelectric properties in the tilted 

SmC phase, the base mixture W was doped with several 
low-melting, non-mesogenic, terphenyl-based dopants 
having two homo-chiral terminal chains (A, F, G 
(mixture), I, J). Thus, five FLC mixtures were obtained 
containing 5.0 wt. % of each dopant. The general 
structure 2 and acronyms of dopants along with their 
phase transition temperatures are presented below.  

 

 

2 

 
A: (S, S); n = 6; k = 0; X1, X2 = H; R1, R2 = CH3;      Cr 81.1 C Iso [43] 
F: (S, S); n = 4; k = 0; X1, X2 = H; R1, R2 = CH3;      Cr 75.7 C Iso [43] 

G: 84 wt. %.: (R, R); n = 6; k = 0; X1, X2 = H; R1, R2 = CH3 [by analogy to 43]; 
16 wt. %.: (R, R); n = 6; k = 1; X1, X2 = H; R1, R2 = CH3; Cr 82.7 C Iso [unpublished results] 

I: (S, S); n = 6; k = 0; X1, X2 = H; R1, R2 = CF3;     Cr 42.9 C Iso [44] 
J: (S, S); n = 6; k = 0; X1, X2 = F; R1, R2 = CH3;      Cr 34.3 C Iso [43] 

 
 

All prepared chiral mixtures exhibit the 
ferroelectric SmC* phase in very broad temperature 
ranges and their melting points are below 10 C 
(crystallisation temperatures are below 0 C). Almost 
all mixtures exhibit the desired phase sequence: Cr – 
SmC*– SmA* – N* – Iso. The exception is the mixture 
containing terphenyl and quaterphenyl chiral dopants 
(mixture W_G), which does not form a chiral nematic 
phase. It may be the evidence that the presence of long 
and flat molecular core in the base mixture hinders the 

molecular movements along the director and promotes 
layered ordering. Surprisingly, in the case of W_G 
mixture, the lack of nematic phase allows to obtain 
nearly perfect, almost defectless surface stabilized 
geometry of smectic layers in LC cell. Such almost 
perfect alignment was obtained for all prepared 
mixtures and the dark state without light leakage 
exhibits beneficial properties for application. This is an 
uncommon feature in comparison to FLC materials 
reported previously (i.e., see ref. [15]). 
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This fact can be explained by the properties of 

multicomponent base mixture W, which forms smectic 
layers with a small layer contraction and shows low 
viscosity values. Such properties that hinder formation 
and support relaxation of emerging defects, can be 
connected with the structural similarity of mixture W 
components. Moreover, the helical pitch p obtained for 
the mixtures with 5.0 wt. % of chiral dopants is higher 
than 1.5 m (the thickness of the used electro-optical 

cell is lower) and it also contributes to a better ordering 
of mixture molecules in LC cell. 

From the obtained results [37], many interesting 
conclusions regarding the influence of the chiral 
dopants structure on the properties of final 
multicomponent FLC mixtures can be highlighted. 
Some of the physicochemical and electro-optical 
parameters of prepared mixtures described in Ref. [37] 
are presented in Table 1.  

 
Table 1. Electro-optical and physicochemical properties of the compositions prepared on the basis of mixture W at             
T ≈ 30 °C in SmC* phase. The table prepared on the basis of the data from [37] 
 

Properties W_A W_F W_G W_I W_J 

 21.9 25.0 21.1 24.1 21.4 [°]ߠ

Smectic layer thickness [Å] 27.8 27.7 28.6 28.2 28.3 

The difference of the layer thickness between  
SmC* and SmA* phases [Å] 

1.8 1.9 1.7 1.9 1.7 

߬ா	[μs]  80 71 88 88 104 

௦ܲ [nC/cm2] 9.5 21.4 14.0 28.4 16.0 

 ఝ [mPa·s]  28 53 45 92 61ߛ

 
 
The smectic layer spacing for both mixtures 

W_A and W_F is near equal. Compound F with shorter 
terminal chain in comparison with dopant A causes a 
greater increase of spontaneous polarisation PS, the 
director tilt angle θ and rotational viscosity γ and 
decrease the switching time τE in the final FLC mixture. 
Dopants I and J differ from each other in the location 
of fluorine atoms – in the terminal chain of dopant I and 
in the core of dopant J. The higher values of 
spontaneous polarisation PS, optical tilt angle θ and 
rotational viscosity γ are observed in the mixture with 
dopant I. It suggests that the presence of the heavy and 
electronegative fluorine atoms close to the chiral centre 
reflects in a hindrance of molecular rotation and, hence, 
results in a higher value of the spontaneous polarization 
PS. Apparently, the location of the fluorine atom in 
chiral molecules, as studied in work [37], does not 
affect the layer spacing in the final FLC mixture. It can 
also be noted, that fluorine substitution in dopants 
causes an increase in the rotational viscosity γ of the 
resulted mixtures. 

Among prepared materials, the mixture W_A 
exhibits a set of parameters that altogether make it the 
best candidate for applications in SSFLC mode (Table 1). 

Here, the most uniform and defectless surface stabilized 
geometry, the director tilt angle θ approximated to the 
required one, the lowest spontaneous polarisation PS 
and short switching time τE observed are of the highest 
importance. 

Furthermore, we also designed and prepared a 
series of mixtures consisting of an excessive amount of 
chiral dopant in the base mixture W (up to 30.0 wt. %) 
[37]. At the chiral dopants concentration above           
20.0 wt. %, the values of helical pitch p are very low (in 
some cases being lower than 150 nm at the room 
temperature). Such mixtures show high application 
potential in DHFLC effect.  

FLCs prepared from chiral compounds 
FLC mixtures consisted of “all chiral” com-

pounds were formulated according to the procedure 
based on mixing of selected chiral compounds with 
ferroelectric and antiferroelectric properties. The 
proper composition allows the competition between the 
synclinic and anticlinic order, leading to appearance of 
frustrated ferroelectric phase, which provides the V-
shape electro-optical switching [45]. This method allows 
to optimize the physicochemical and electro-optical 
properties of FLC materials beneficial in DHFLC effect. 
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In the first step of these studies, we selected 

compounds with the identical chiral terminal chain but 
different structure of rigid molecular core and achiral 
opposite chain (see compounds 3b-e and 4a-d in Table 2). 
Those compounds were added to the basic high tilted 
ferroelectric compound (see compound 3a in Table 2) 

[34]. The aim of the preparation of such bicomponent 
systems was to establish the miscibility of phases, 
especially ferroelectric phase, and to determine the 
temperature dependence of the helical pitch p and the 
tilt angle of the director θ in the mixtures. 

 
 

 

3 

 

4 

 
Table 2. Compounds selected for miscibility investigation and their phase transition temperatures suitable for DHFLC 
effect  
 

Compound 
acronym 

n m X1 X2 k l X3 X4 
Phase transition temperatures determined  

on heating, °C 

3a 6 – – – 1 0 H – 
CrII 80.7 CrI 98.9 SmC* 141.4 SmCα* 149.0 SmA* 184.0 Iso 

[46,47] 

3b 6 – – – 0 1 H – CrII 94.3 CrI 97.9 SmC* 155.6 SmA* 184.6 Iso [46] 

3c 6 – – – 1 0 F – Cr 89.7 SmC* 133.6 SmCα* 134.8 SmA* 154.7 Iso [46] 

3d 6 – – – 0 0 H – Cr 60.0 SmA* 63.4 Iso [by analogy to 46] 

3e 8 – – – 0 0 H – Cr 82.2 SmA* 90.7 Iso [48] 

4a 1 5 H H – 0 H H Cr 43.4 Iso [49] 

4b 3 6 H H – 0 H H Cr 36.2 Iso [by analogy to 50] 

4c 3 6 F H – 0 H H Cr 32.8 Iso [by analogy to 50] 

4d$ 3 0 H H – 0 H F Cr 14.9 Iso [49] 

4e 3 5 H F – 1 H H Cr 28.1 SmCA*99.0 SmC* 101.0 Iso [50] 

4f 3 7 F H – 1 H H Cr 37.4 SmCA* 103.1 SmC* 104.3 SmA* 109.1 Iso [50] 
$ – compound without oxygen atom between olighomethylene group (CH2)m and rigid core 

 
Results of studies [34] show that two-ring 

compounds, which do not form ferroelectric phase, 
destabilize it in the mixtures with compound 3a. 
Among them, compounds 3d and 3e, showing SmA* 
phase, cause the smallest destabilization. They have the 
longest fluorinated part of achiral terminal chain, 
similar to that of the basic compound 3a. Among 
compounds without liquid crystalline phase, the 
compound 4b having the longest achiral terminal chain 
without lateral substitution of fluorine atom gives the 

smallest phase destabilization in mixtures with the base 
compound 3a. Systems containing compounds 4a, 4c 
and 4d show the phase coexistence area (SmC* and Iso) 
without stable SmC* phase above 0.3 molar fraction in 
the mixture with compound 3a at room temperature. 
Almost all investigated compounds cause small 
decrease of a helical pitch length in the ferroelectric 
phase of basic compound 3a except compounds with 
SmA* phase (compounds 3d and 3e). The tilt angle      
of  mixtures  with 0.2 molar  fraction  of  the  two-ring  
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compounds is still relatively high (above 30° at lower 
temperatures). Among biphenyl compounds, the 
compound 3d causes the lowest reduction of tilt angle 
in mixture with compound 3a. Based on the analysis of 
the above results [34], it can be concluded that 
compounds 3b, 3c, 3d, 3e and 4b seem to be the most 
promising components for creation of ferroelectric 
mixtures with compound 3a. They should be charac-
terized by broad temperature range of SmC* phase, 
short helical pitch p and high director tilt angle θ. 

In the next step of preparation of the FLC mixtures 
with the properties appropriate for DHFLC effect and 
consisting of compounds having ferro- and/or 
antiferroelectric phase, the multicomponent mixtures based 
on compounds presented in Table 2 were designed and 
characterized [35, 36]. The compositions of the developed 
mixtures and their phase transition temperatures are 
presented in Tables 3 and 4, respectively. 

The first prepared mixture W-212B [35] was an 
eutectic mixture consisting of three-ring ferroelectric 

compounds (3a-c) and two low melting two-ring 
compounds 3d and 3e, forming the SmA* phase. In 
order to decrease melting point as well as a helical pitch 
length of this mixture W-212B (see Table 4 and Fig. 2, a), 
three modified mixtures have been developed.  

The second mixture W-212B2 additionally 
contains compound 4e possessing a wide-temperature 
range of antiferroelectric phase. This modification 
allows to decrease melting point and helical pitch (see 
Table 4 and Fig. 2, a) but at the same time, 
antiferroelectric phase is induced at lower temperatures 
in this mixture. 

The third mixture W-212B3 was prepared on the 
base of two eutectic mixtures: the first developed one 
with acronym W-212B and the antiferroelectric one 
with acronym W-1000 [51, 52] (consisting of 
compounds 4e and 4f). Using the phase diagram of the 
system of these two mixtures, we chose the composition 
of the final W-212B3 mixture with the frustrated 
ferroelectric phase at a broad temperature range.  

 
Table 3. Compositions of the studied mixtures [35, 36] 
 

Component 
acronym 

Mixtures acronyms 
W-212B W-212B2 W-212B3 W-212B3A W-212C W-212C2 W-212C3 

Concentration (wt. %) 
3a 11.88 7.97 7.72 8.22 8.35 7.52 7.52 

3b 12.13 8.14 7.88 8.39 8.31 7.48 7.48 

3c 24.29 16.30 15.79 16.81 18.54 16.69 16.69 

3d 38.80 26.04 25.22 26.85 29.75 26.77 26.77 

3e 12.90 8.66 8.39 8.93 – – – 

4b – – – – 35.05 31.54 31.54 

4e – 32.89 18.38 11.47 – 10.00 5.25 

4f – – 16.63 10.37 – – 4.75 

A  – – 8.97 – – – 
 

Table 4. Mesomorphic behaviour of the studied mixtures (on cooling) [35, 36] 
 

Mixture 
acronym 

Cr T, °C SmCA* T, °C SmC* T, °C SmA* T, °C Iso 

W-212B • 11.4 – – • 83.9 • 118.0 • 

W-212B2 • <–20.0 • –4.8 • 91.0 • 111.0 • 

W-212B3 • <–20.0 – – • 85.2 • 105.0 • 

W-212B3A • <–20.0 – – • 71.2 • 98.9 • 

W-212C • <–20.0 – – • 61.8 • 97.0 • 

W-212C2 • <–20.0 – – • 61.7 • 71.0 • 

W-212C3 • <–20.0 – – • 64.4 • 74.7 • 
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The W-212B3 mixture exhibits the Cr – SmC* – 

SmA* – Iso phase sequence with low melting point and 
short helical pitch (see Table 4 and Fig. 2, a). Moreover, 
it is characterized by similar values of spontaneous 
polarization PS (Fig. 2, c) and the director tilt angle θ 
lower only by 3° than the mixture W-212B2 (Fig. 2, b). 
It is worthy to notice that W-212B3A differs from        
W-212B3 by an additional chiral component A and has 
the smallest value of the helical pitch length – around 
150 nm – suitable for DHFLC effect (Fig. 2, a). 

Unfortunately, the mixture W-212B3A has one 
disadvantage, i.e. too high values of spontaneous 
polarization PS (higher than 200 nC/cm2, Fig. 2, c). 
According to equation (3), high PS considerably 
decreases the value of EC and, thereby, reduces the 
voltage range, over which the mixture W-212B3A 
could be driven in DHFLC effect.  Therefore, we have 
modified the composition of the base mixture W-212B 
and the newly designed mixture W-212C [36] was 
formulated. Instead of compound 3e with the SmA* 
phase, the mixture W-212C contains a non-mesogenic 
compound 4b having much lower melting point and 
possessing strong tendency to decrease the helical pitch 
p [34]. Due to that, the SmA*–SmC* phase transition, 
as well as the melting point of W-212C mixture became 
much lower than those of W-212B mixture. 
Furthermore, and importantly, the helical pitch length 
of W-212C is lower than 180 nm (Fig. 2, a), thus, it was 
possible to avoid the use of compound A, which 
significantly increases spontaneous polarization PS. We 
used again the procedure of blending compounds with 
ferroelectric and antiferroelectric compounds at proper 
concentrations. For this purpose, we chose compounds 
4e and 4f to tune the features of W-212C. Two systems, 
namely W-212C + compound 4e as well as W-212C + 
mixture of compounds 4e and 4f (in the proportion 
corresponding to mixture W-1000), were prepared in 
order to find a material with a broad temperature range 
of frustrated ferroelectric phase and with the shortest 
possible helical pitch p. Based on the analysis of phase 
diagram and temperature dependence of helical pitch 
lengths p for both systems, we have chosen two 
mixtures consisting of 10.0 wt. %  of  compound  4e     
or  W-1000 blended  with  the  mixture  W-212C, these  

mixtures have been denoted with the acronyms              
W-212C2 and W-212C3, respectively. These mixtures 
are characterized by low melting points and relatively 
broad temperature ranges of the ferroelectric phase 
(over 70 °C). The values of their helical pitch lengths p 
are lower than 180 nm (see Fig. 2, a), similar as for        
W-212C mixture. As the values of helical pitch length 
p for W-212C2 mixture are the highest from all three 
discussed mixtures, the studies of temperature 
dependence of the director tilt angle θ, spontaneous 
polarization PS, switching times τ and rotational 
viscosity γ were performed for W-212C and W-212C3 
mixtures only. The lowest values of spontaneous 
polarization PS were detected for the base W-212C 
mixture, which contains the highest quantity of 
ferroelectric compounds and no components with 
antiferroelectric phase (see Table 3). On the other hand, 
antiferroelectric components of W-1000 mixture cause 
saturation of the tilt angle values θ (about 40°) at a 
broader temperature range in W-212C3 mixture        
(Fig. 2, b). It is worthy to notice that both mixtures       
W-212C and W-212C3 exhibit lower values of 
spontaneous polarization PS and comparable values of 
tilt angle θ in comparison with the mixtures based on 
W-212B series (Fig. 2, b, c). Taking into account the 
basic information from Introduction section, the 
designed W-212C and W-212C3 mixtures fulfilled 
almost all material requirements for DHFLC effect, 
including not too high spontaneous polarization PS. 
Thanks to this, the basic disadvantage of the previously 
prepared W-212B3A mixture was eliminated. On the 
other hand, W-212C and W-212C3 mixtures exhibit 
two times higher rotational viscosity γ but also much 
lower melting point than the reported FLC materials for 
DHFLC effect [41]. So, it means that they can extend 
the switching times τ, while allowing to work in 
DHFLC mode at lower temperatures. Furthermore, 
some mixtures of the designed binary systems              
(W-212B+W-1000, W-212C+W-1000 and                 
W-212C+compound 4e) described in Refs. [35, 36] 
possess antiferroelectric phase with a very short and 
simultaneously, temperature independent helical pitch 
p. That fact makes them potentially applicable and 
useful for DHAFLC effect [53]. 
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Fig. 2. Temperature dependences of the helical pitch length p (a), the director tilt angle θ (b) and spontaneous  
polarization PS (c) of the mixtures belonging to W-212 series 

 
 

Conclusions 
 

The mixtures showing broad temperature range 
of ferroelectric phase have been prepared. Both 
methods of mixture preparation, namely the mixture 
formulation from chiral as well as from achiral 
components with addition of chiral dopant, have 
specific advantages. The former method is better 
suitable for preparation of the mixtures with classic 
ferroelectric phase having the director tilt angle around 
22.5º. The latter method is good for the mixtures with 
orthoconic ferroelectric phase having the director tilt 
angle around 45º. The properties of presented mixtures 
satisfy the requirements of SSFLC as well as DHFLC 
electro-optic modes and by that have opened the 
possibility of using them for some optical sensors and 
other devices. 
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