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7.1 Introduction 
 The structure, intermolecular interactions and physical properties of 
antiferroelectric liquid crystals with a tilt angle of 45o, known as orthoconic 
antiferroelectric liquid crystals (OAFLCs) [1-7] are a subject of intensive interest 
because of their promising applications. The rich variety of structures that are 
observed in these orthoconic smectic materials has initiated the process of 
understanding the behaviour of several mesomorphic properties that are interesting 
from a fundamental point of view. In the surface stabilized structure these 
materials behave like an optically negative uniaxial medium [1,2] with the optic 
axis perpendicular to the smectic layer surface. As a result, the surface-stabilized 
OAFLCs is optically isotropic in the surface plane i.e. behave as a 
homeotropically aligned medium for normal incidence. For this reason the 
orthoconic antiferroelectric liquid crystals have an excellent dark state [8] between 
crossed polarizers and the contrast is remarkably increased, regardless of the 
surface stabilized structural defects. Therefore, OAFLCs almost remove certain 
difficulties that arise to obtain a good planar alignment contrary to the other 
antiferroelectric liquid crystals (AFLCs). The other characteristic features of 
surface stabilized orthoconic antiferroelectric liquid crystals (SSOAFLCs) [9,10] 
i.e. tristable switching, inherent grey scale capability, video-rate performance 
speed, wide viewing angle, remarkable mechanical durability, faster response (a 

few s), and high resolution have made them promising candidates for high speed 

applications in liquid crystal display (LCD) technology [11], usually for passive 
multiplexed driving displays with symmetric driving schemes and easy grey scale 
generation. The OAFLCs can also be used to achieve lossless phase modulation in 
three-level phase only modulator [12,13], fibre telecommunication and beam- 
steering applications [14] etc.   
 In general, surface stabilized orthoconic antiferroelectric liquid crystal 
materials with high spontaneous polarization are potentially attractive as the 
electric field couples directly to the spontaneous polarization. Apart from that, 
materials with high spontaneous polarization possess low switching time which is 
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necessary to establish a fast response time on the application of low field. The V-
shaped electro-optic switching [15-19], is one of the promising display mode of 
applications in everyday life. Extensive study of the V-shaped switching, known 
as threshold less or hysteresis free switching may be a useful directive to 
understand the molecular dynamics of ferroelectric mesophase on the application 
of external electric field. 
 In this chapter, the mesomorphic properties of some analogues of (S)-

MHPOBC (4‑(1‑methylheptyloxy)carbonylphenyl4'-octyloxy-4-biphenyl carboxy 

late) have been described, where the molecular structure has been varied 
systematically. The molecules are modified with respect to the aliphatic spacer 
length and lateral fluorination. Temperature dependence of the spontaneous 
polarization, relaxation time, viscosity and anchoring energy coefficient has been 
extensively studied for nine OAFLC compounds. The electro-optic behaviors have 
also been investigated for all the materials at various frequencies of the applied 
electric field in order to study their V or W shaped response. The data obtained 
from electro-optic measurement may guide to design and synthesize 
antiferroelectric liquid crystals with tilt angle around 45o degree, possessing 
optimized performance in high-speed technological applications. 
 
7.2 Materials 

The antiferroelectric phase was first discovered in the well known sample 

MHPOBC (S‑4‑(1‑methylheptyloxy)carbonylphenyl4'-octyloxy-4-biphenylcar 

boxylate) [20,21] by Chandani et al. [22]. A homologous series of analogues of 
(S)-MHPOBC with perfluoroalkanoyloxyalkoxy terminal chain were synthesized 
earlier [23]. One or few fluorine atoms are laterally substituted to the three ring 
rigid core of these compounds. The variation of the terminal and lateral 
fluorination significantly affects the mesophase formation and physical properties 
of liquid crystals. All these compounds with orthoconic tilt and long helical pitch 
[11] have a great potential for high-end display technology. 
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Different families of fluorinated orthoconic anti-ferroelectrics synthesized 
by Dąbrowski et al. were reported earlier [24]. Recently, the most stable family of 
compounds has been synthesized [23] and nine of them have been studied in this 
work [25]. Full details of the synthetic procedures were reported by Żurowska et 
al. [23]. The structure, phase sequence and transition temperatures of all the 
compounds 1-9 are shown in Table 7.1. 

 
Table 7.1 Molecular structure, phase sequence and transition temperatures (ºC) of 
nine pure orthoconic compounds. “” the phase exists. 

COO

X1 X2

COOCH(CH3)C6H13C3F7
* (S)CH2OCrH2rO

 
Comp. r X1 X2 Cr  SmCA*  SmC*  SmA  Iso 

I.3(HF) 3 H F  39.1                89    

I.5(HF) 5 H F  28.1  99  100  101.4  
I.7(HF) 7 H F  25.1  94.7  99  100.9  
I.6(FH) 6 F H  57.3  80.1  108.5  112.7  
I.7(FH) 7 F H  37.4  103.1  104  109.1  
I.6(FF) 6 F F  62.6  84.8  110.5  112.8  
I.7(FF) 7 F F  50.2  104.6  107  109  
I.6(HH) 6 H H  60.5  94.7  125  126.3  
I.7(HH) 7 H H  57.8  116.3  121  123  

 
7.3 Phase transition temperatures 

Mesophases have been identified by observing the microscopic texture of 
the compounds using polarizing optical microscope (Motic BA300) equipped with 
a Mettler Toledo FP90 hot stage. It is observed that the compound I.3(HF) exhibit 
only antiferroelectric (SmCA*) phase in the entire mesomorphic range. However, 
during cooling in all the other compounds, the mesophases appear with the 
following sequence:    Iso-SmA-SmC*-SmCA*-Cr 
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In SmA phase, bâtonnets-shaped texture develops which on further cooling 
coalesce to form a focal conic texture in the SmC* phase. On the other hand, the 
SmCA* phases have been identified by its characteristic broken fan-shaped texture. 
The experimental values of the transition temperatures of all the nine OAFLC 
compounds are close to those reported by Żurowska et al. [23]. For all the 
investigated compounds, the antiferroelectric phase SmCA* is found to dominate 
the phase sequence over a broad temperature range. However the SmA and SmC* 
phases also appear for short temperature range. From the transition temperatures 
of the compounds under investigation it is observed that clearing point and the 
SmC*-SmA phase transition temperature of compounds with even oligomethylene 
spacer are higher than those with odd oligomethylene spacer. However, for the 
SmCA*-SmC* transition in these compounds an opposite trend is observed. 
Compounds I.6(HH) and I.7(HH) have no fluorination in the central phenyl ring 
and show the highest transition temperatures than mono (FH)/(HF) and 
diflourinated (FF) compounds. Lateral fluorination in X1 position (Table 7.1) not 
only lowers the transition temperatures of the compounds but also suppresses the 
SmA phase in comparison to the fluorination in X2 position [26]. Table 7.1 
indicates an increase in the stability of the antiferroelectric phase with increase in 
the spacer length. This suggests that the interface and the packing arrangement of 
liquid crystalline molecules have a significant effect on the mesomorphism. 

 
7.4 Spontaneous polarization measurement 

The spontaneous polarizations, Ps, [27-37] for all the compounds as a 
function of reduced temperature (T/TC) from the Curie point TC (SmC*-SmA 
transition) are shown in Figure 7.1. All the nine compounds possess a high value 
of the saturated spontaneous polarization (~250 nC/cm2) due to the bulky nature of 
the chiral unit, large dipole moment of the ester linkage and fluorinated terminal 
chain [38,39].  
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Figure 7.1 Experimental values of spontaneous polarization as a function of 
reduced temperature for nine OAFLC compounds. 

 
The values of spontaneous polarization changes in the following order:   
        

I.6 (HH) > I.7(HH) 
I.6(FH) > I.7(FH) 

I.3(HF) > I.5(HF) > I.7(HF) 
I.6(FF) > I.7(FF) 

 
Interestingly, compounds with longer aliphatic spacer length (r) in the terminal 
position, show lower values of the spontaneous polarization. This fact may be 
attributed to the volume effect i.e. a heptyl spacer occupies greater volume than a 
hexyl spacer [40] and by definition; spontaneous polarization is proportional to the 
volume of that compound. The behaviour of the reduced temperature dependent 
spontaneous polarization curve (Figure 7.1) indicates the second order nature of 

the SmC*SmA phase transition. It may be mentioned that the values of the 
spontaneous polarization for compounds without lateral fluorines are found to be 
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slightly higher than the laterally fluorinated liquid crystalline compounds. 
Addition of one or two fluorine atoms to the molecular core of similar structure 
leads to a decrease in the value of the spontaneous polarization. This is perhaps 
due to the fact that in laterally mono and difluorinated liquid crystalline 
compounds, the orientation of the dipole moment of highly polar lateral fluorine 
atoms point in an opposite direction with respect to the orientation of the core and 

the chiral carbon atom. Moreover, the fluorine atom traps the  electrons and pulls 

them away from the conjugation along the main molecular axis. Less the polar 
fluorine atom attached to the compound, higher is the spontaneous polarization for 
that compound. A comparison of mono fluorinated materials (FH)/(HF) reveals 
that fluorination in position X1 ensures higher values of spontaneous polarization 
than substitution in position X2. The result obtained from spontaneous polarization 
measurement confirms that fluoro substitutions have a significant impact on the 
molecular dipoles associated with the generation of the polarization in the 
ferroelectric and antiferroelectric mesophases. The temperature dependence of the 
spontaneous polarization curves (Figure 7.1) have been fitted using the following 
expression [22]:  

 0 (T )s CP P T       for T< TC (7.1) 

where, TC is the SmC*-SmA phase transition temperature,  and P0 are the 

adjustable parameters. The corresponding fitting parameters so determined are 
listed in Table 7.2. 

The critical exponent  is in the range 0.19-0.34, which is close to the value 

0.3125 (= 5/16), predicted by the three-dimensional Ising model [41], suggesting a 
second order nature of the SmC*-SmA phase transition. However, for the 

compounds with lateral fluorine substitution in position X2, the values are close 

to 0.25, indicating a tricritical mean field behaviour of the SmC*-SmA  phase 
transition [41].  
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Table 7.2 Fitted parameters P0, TC and exponent  obtained from the fitting of the 
experimental values of the spontaneous polarization for nine pure compounds. 

Compound P0 in nCcm-2 TC in K 

I.3(HF) 105.3±0.5 374.2±0.5 0.28±0.02 

I.5(HF) 90.2±0.3 374.8±0.2 0.25±0.01 

I.7(HF) 76.6±0.2 374.7±0.1 0.26±0.01 

I.6(FH) 71.9±3.2 384.3±0.3 0.34±0.01 

I.7(FH) 71.2±1.5 376.4±0.2 0.31±0.01 

I.6(FF) 98.5±1.9 385.1±0.1 0.19±0.01 

I.7(FF) 80.1±1.2 380.0±0.1 0.25±0.01 

I.6(HH) 76.8±2.3 400.2±0.3 0.31±0.01 

I.7(HH) 76.0±3.9 396.3±0.6 0.29±0.01 

 
7.5 Relaxation time measurement 

Figure 7.2 portrays the Arrhenius behaviour of the reduced temperature 
dependent relaxation time. No discontinuous change is observed on passing 
through the SmC*-SmCA* phase transition. Among all the nine investigated 
compounds, I.6(FF) and I.7(FF) exhibit the highest relaxation time. The presence 
of an extra lateral fluorine atom increases the molecular cross section and also the 
molecular weight. However rest of the compounds possess moderately low 

relaxation time (~150s). Unsubstituted or mono fluorinated OAFLC compounds 

with longer aliphatic spacer demonstrate high-speed electro optic response which 
can be utilised to develop high definition moving pictures in LCDs. High 
spontaneous polarization value of these compounds probably accounts for their 
low relaxation time. 
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Figure 7.2 Relaxation  time () as a function of reduced temperature for the nine 
OAFLC compounds. 
 
7.6 Effective torsional bulk viscosity measurement  

The effective torsional bulk viscosity, which is related to the rotation of the 
molecule about the SmC* cone, is one of the most important parameters to study 
the dynamical behaviour of FLC and AFLC systems. As it is directly proportional 
to the relaxation time, the reduced temperature dependence of the effective 
torsional bulk viscosity as depicted in Figure 7.3 also shows almost a similar trend 
to that of the relaxation time.  

The increase in the tilt angle leads to an increase in the rotational hindrance 
barrier, which contributes towards enhancement of the spontaneous polarization 
and viscosity [42]. Moreover the bulky nature of the chiral unit and polar fluorine 
atom is also responsible for hindering the molecular rotation. The Arrhenius plot 
of viscosity is presented in Figure 7.4. 
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Figure 7.3 Effective torsional bulk viscosity () as a function of reduced 
temperature for the nine OAFLC compounds. 
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Figure 7.4 Logarithmic plot of effective torsional bulk viscosity versus (1000/T) 
of nine OAFLC compounds. 
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7.7 Anchoring energy strength co-efficient measurement 
Reduced temperature dependence of both the dispersion anchoring strength 

coefficient (WD) and polarization anchoring strength coefficient (WP) are shown in 
Figures 7.5 and 7.6 respectively. The anchoring strength coefficient yields a 
quantitative characterization of the aligning liquid crystal molecules and usually 
two different coefficients are introduced: the dispersion anchoring strength 
coefficient WD and polarization anchoring strength coefficient WP. The knowledge 
of two anchoring energy coefficients helps in grasping the behaviour of the surface 
effect on the molecular structures. 
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Figure 7.5 Dispersion anchoring strength co-efficient (WD) as a function of 
reduced temperature for nine OAFLC compounds. 

 
Dispersion anchoring energy arises from the non electrostatic interaction 

between the surface and liquid crystal molecules whereas the polarizing anchoring 
energy originates from the electrostatic force between the dipole moment of the 
surface and liquid crystal molecules [32-36]. A typical decreasing behaviour with 
increasing temperature on approaching the SmC* to SmA phase transition is 
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observed in both the cases. This pattern suggests that the enthalpy of the molecule 
continuously increased with temperature and thus broke their interaction barrier 
[43]. The value of WP is higher than that of WD, as expected. From the 
comparative study of the polarization anchoring strength coefficient WP, it may be 
concluded that the compounds with large spontaneous polarization perhaps 
contribute more to polarization anchoring and possess large value of WP.  
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Figure 7.6 Polarization anchoring strength co-efficient (WP) as a function of 
reduced temperature for nine OAFLC compounds. 
 

7.8 Thresholdless switching 
Figure 7.7 represents the electro-optic response of the transmittance versus 

electric field, measured in both SmC* and SmCA* phases for compound I.7(HH). 
The planar aligned sample has been viewed in the transmission geometry between 
two crossed polarizers in such a way that the optic axis of the cell in the absence 
of electric field is in the direction of one of the polarizers. It has been found that 
the transmission curves critically depend on the temperature and frequency as 
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shown in Figure 7.7. In both the ferroelectric and anti-ferroelectric phases, the 
characteristic V shaped switching appears for driving frequency of 5Hz. The V 
shaped response [44] indicates that switching between the third zero voltage state 
and the uniform ferroelectric switching state has no threshold. On the contrary, at 
higher frequency (at 50Hz) characteristic tristable switching i.e. W shaped 
switching is observed. On lowering the temperature, the responses display slight 
hysteresis as a result of which the tip of the V-shape becomes distorted. This 
distorted response curve which apparently indicate a threshold less response may 
appear due to the averaging of many bistable micro domains switching at slightly 
different voltages and times. Probably, these domains consist of different bistable 
structures with spontaneous polarization essentially perpendicular to the cell plane 
or at an angle with respect to the cell plane [17].  
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Figure 7.7 Optical transmittance as a function of applied electric field for the 
compound I.7(HH) in 5m planar cell at various temperatures by applying a 
triangular waveform of different frequencies. 
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As the temperature decreases, the maximum transmitted intensity values 
increase due to the increase in tilt angle. The temperature dependence of the 
transmission curve can also be explained in terms of spontaneous polarization at 
low temperature. Such a high value of spontaneous polarization at low temperature 
is enough to transform a twisted structure at zero fields to a uniform polarization 
stabilized state. The curve is slightly asymmetric around E=0. This fact may be 
attributed due to the slight asymmetric nature of the molecular tilt in the positive 
and negative uniform polarization stabilized state.  

The V-shaped switching results from the frustration between 
antiferroelectricity and ferro-electricity. The V- or W- shaped switching is 
assumed to occur due to the interaction between the liquid crystal molecules and 
the surface of the substrate of a planar cell [45]. For the investigated compounds 
having polar terminal group and aliphatic spacer units, they overlap at the 
interfaces between layers. As a result the terminal fluorine atoms weaken the 
interactions between the molecules at the interfaces of the smectic layers and the 
V-shaped switching is easily achieved. The phenomena of V- or W-shaped 
switching have been explained by several workers and many models have been 
suggested viz by Fukuda et al. (Langevin model) [46,47], Rudquist et al. (‘block 
model’) [48,49], Čopič et al. (influence of ions) [50,51] and Panarina et al. [52] 
respectively. The experimental results in this work indicate that the thresholdless 
V-shaped switching should occur in all SmC* and SmCA* materials with 
sufficiently large spontaneous polarization in combination with strong polar 
interaction with cell surfaces which is in close agreement with the “block model” 
of Rudquist et al. [48,49]. 

 
7.9 Conclusion 

The electro-optical properties of a new series of fluorinated orthoconic 
antiferroelectric liquid crystalline esters that form SmA, SmC* and SmCA* 
mesophases has been described in this chapter. The investigated compounds 
possessing longer aliphatic chains resulted in the stabilization of the SmC* and 
SmCA* phases. The materials reported in this chapter are of interest in the 
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development of liquid crystals for high end display technology. Generally, mixing 
of various compounds to get the optimum properties for antiferroelectric liquid 
crystal display applications, leads to reduction of spontaneous polarization. 
Therefore, a compound with a large spontaneous polarization is necessary for 
practical applications. All the nine compounds investigated here possess a high 
value of the saturated spontaneous polarization (~250nC/cm2) in the 
antiferroelectric phase. The most likely cause of the high spontaneous polarization 
is the bulky nature of the chiral unit, large dipole moment of ester linkage and 
fluorinated terminal chain of the mesogens. As the orientation of the dipole 
moment of polar substituted fluorine atoms is in the reverse direction with respect 
to the orientation of core and the chiral carbon, greater the number of fluoro 
substituent lower is the value of the spontaneous polarization. The incorporation of 
more aliphatic spacer length (r) to the molecular core reduces the magnitude of the 
spontaneous polarization. The temperature dependence of the spontaneous 
polarization shows normal behaviour. Experimental observation demonstrate that 
the nature of SmC*-SmA phase transition in these compounds is of second order. 

The values of the critical exponent lie in the range 0.19 to 0.34 within the 

experimental error limit. All the compounds enter the SmC* phase through a 
second order transition from the SmA phase, where the layers already exist and the 
tilt develops as the temperature decreases. As a result, spontaneous polarization 
and viscosity are both enhanced. It is also observed that compounds with large 
spontaneous polarization leads to higher value of polarizing anchoring energy 
coefficient. Most importantly, relaxation time measurements show that 
unsubstituted or monofluoro substituted compounds are the fastest switching 

(~150s) liquid crystals than others due to their relatively low viscosities and 
transverse dipole moments. The polarization stabilized V-shaped switching of 
these materials in planar cells has also been investigated. V-shaped switching in 
FLCs is not an intrinsic property of the liquid crystal material alone but is a result 
of the judicious combination of liquid crystal material and the architecture of the 
cell. This phenomenon is observed in case of liquid crystalline compounds with 
sufficiently large spontaneous polarization in combination with strong polar 
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interactions with the cell surfaces. The V-shaped electro optical response is a 
property of the material placed in the surface stabilized geometry, wherein layer Ps 
exists at smectic layer boundaries, with random orientations and variable 
magnitudes from boundary to boundary. Hence, there is no net spontaneous 
polarization and the electro-optic effect is considered as threshold less switching. 
From the experimental results obtained in this work, it is observed that the 
thresholdless switching behaviour of the investigated compounds significantly 
depends on the temperature and applied field. The compounds I.6(HH) and 
I.7(FH) with large spontaneous polarization and low relaxation time seem to be 
interesting for mixture formulation in surface stabilized orthoconic 
antiferroelectric liquid crystal (SSOAFLC)  display applications.  
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