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DIELECTRIC PROPERTIES OF FERROELECTRIC 
LIQUID CRYSTALLINE MATERIAL WITH CHIRAL 

NEMATIC PHASE 

The ferroelectric liquid crystal with nematic N* phase has been 
investigated using broadband low frequency dielectric spectroscopy. 
The dielectric relaxation modes related to a ferroelectric Goldstone 
mode were detected only in a narrow temperature range. Well defined 
relaxation process was detected in the SmB* phase at about 90 Hz. 
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1. INTRODUCTION

Many recently synthetized ferroelectric and antiferroelectric liquid crystals 
show a lot of phases and subphases. The most often observed phase sequence is 
as follows: Iso→SmA*→SmC*→SmC*

α→SmC*
β→SmC*

γ→SmC*
A→Cr [1]. 

Using the broadband dielectric spectroscopy it is possible to investigate 
molecular excitations and collective molecular excitation by registrations of 
relaxation processes corresponding to consecutive types of excitations. In SmA* 
phase the soft mode is observed as a collective amplitudon mode [2, 3]. In 
ferroelectric phase both soft mode and Goldstone mode are observed [4, 5], the 
second one is related to fluctuation in azimuthal angle of ferroelectric helix. Soft 
mode occurs near the SmA*-SmC* phase transition and Goldstone mode is 
registered in the whole temperature range of SmC* phase. The Goldstone mode 
typically shows rather weak temperature dependence of the dielectric strength 
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and the relaxation frequency [6, 7], but quite strong temperature dependence of 
the two parameters has also been reported [8-10]. The amplitude of Goldstone 
mode usually  decreases with increasing external electric field [11]. In 
antiferroelectric phase two modes PL and PH are often observed. The modes are 
suggested to be related to the in-phase and anti-phase azimuthal angle 
fluctuations of directors of the anti-tilted molecules in successive layers [12, 13]. 
In the ferrielectic SmC*γ phase the Goldstone-like mode is often observed 
[14, 15]. The dielectric investigations may provide useful information about 
molecular relaxation processes and could be a very handy method for 
identification of phases and subphases in ferroelectric and antiferroelectric liquid 
crystals. 

The presented investigations are focused on dielectric examination of 
ferroelectric phase of a ferroelectric compound possessing rather untypical phase 
sequence. In this compound the ferroelectric phase and chiral nematic N* phase 
co-exist. The parameters characterising the dielectric response of  the 
investigated LC compound in the temperature range corresponding to liquid 
crystalline state are presented.  

2. EXPERIMENTAL

The dielectric response of the ferroelectric liquid crystalline compound 
1H3R (see molecular structure presented below) has been investigated. 

The investigated compound was synthesized in the Institute of Chemistry, 
Military University of Technology (Warsaw).  

The phase sequence in the investigated compound has been reported to be 
as follows  

Kr90,7SmB*100SmC*101,8SmA*105N*108,9Izo 

The dielectric measurements were performed for the liquid crystal compound 
placed between two parallel glass plates with 5×5 mm gold electrodes. We used 
standard cells, commercially available from AWAT. Planar alignment was 
strongly supported by  polymer  coating of  electrodes. The sample thickness

CH3COO(CH2)4O OOC COOC*HC6H13

CH3

(S)
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 was d = 5µm. The measuring sinusoidal signal (0.1 V) was applied nearly 
perpendicularly to the director of smectic layers. The measurements were carried  
out with Solartron 1260A Impedance Analyser with Chelsea Dielectric Interface 
in the frequency range 10−3 Hz ÷ 5∙105 Hz.  

The dielectric measurements were performed during  heating of liquid 
crystal sample. The Havriliak-Negami equation was used for fitting the 
experimental results in the following version 

where σ0 – dc conductivity, ∆ε – dielectric strength, τ – relaxation time, α – 
width parameter, β – asymmetry parameter. 

3. RESULTS AND DISCUSION

The temperature dependence of real part of dielectric permittivity of  the 
investigated compound for three different frequencies is shown in Fig. 1. Highly 
polar LC phase is detected below 102oC. However, it results from the data 
shown in Fig. 1 that the polarization process corresponds to rather low 
polarization phenomena, just below 1 kHz.   
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Fig. 1. Real part of dielectric permittivity vs. temperature for the whole temperature 
range investigated at a few various frequencies 
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The dielectric responses  for different phases are presented in Figs. 2-4.  
Fig. 2 shows the dielectric response in nematic N* and SmA* phases , no 
relaxation process in the frequency range is detected. In the SmA* soft mode 
might probably be registered [4], but the relaxation frequency of this mode is 
usually in the MHz region, out of our setup possibility. 

In Fig. 3 the dielectric response in the SmC* phase is presented. 
A relaxation process at 101.8oC is noticeable. Clearly defined dielectric 
relaxations peaks were found only in the temperature range 101.4oC÷101.8oC 
and are additionally presented in Fig. 4 in the double logarithmic plot. These 
relaxation peaks may probably be attributed to ferroelectric phase due to 
correlation between the temperature ranges. The experimental results were fitted 
with Havriliak-Negami equations. The example of fitting procedure is presented 
in Fig. 5.  
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Fig. 2. Dielectric response in the SmA* and nematic N* phases 
 
Taking into account all the data characterizing the relaxations detected in 

the temperature range  101.4oC÷101.8oC and the coincidence of this temperature 
range and the range of SmC* phase reported earlier [16] it is justified to suggest 
that the relaxations shown in Fig. 4 are related to the Goldstone mode due to the 
phase fluctuations in the azimuthal orientation of the director.  

The obtained relaxation peaks parameters are shown in Table 1. The 
relaxation frequency for the Goldstone mode is of the order of a few kHz 
typically. In our case  the relaxation frequency fluctuate with temperature but all 
the values are in the kHz region. The dielectric strength changes with 
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temperature too, but the high value of dielectric strength are quite typical for 
Goldstone mode registered in SmC* ferroelectric phase. 
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Fig. 3. Dielectric response in the ferroelectric SmC*phase 
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Fig. 4. Imaginary part of dielectric permittivity as a function of frequency for the 
Goldstone mode for three various temperatures 
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Fig. 5. Example of fitting procedure for the Goldstone mode using Havriliak-
Negami equation. The data for T = 101.80C are presented in the figure 
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Fig. 6. Dielectric responses in the SmB* phase in two temperatures 
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Table 1 
Parameters of relaxations at 101.4oC ÷101.8oC fitted with HN equation. The MSD 
parameter shows adjustment  to experimental curve 

σ[S/cm] 
10-9 

n Δε τ 
10-4[s] 

νR 
[Hz] 

α β MSD 
10-2 

T[0C] 

5.2 0.62 67 1.48 1076 0.82 1 3.1 101.4 
3.9 0.67 71 3.4 468 0.67 1 3.9 101.6 
30 0.56 144 3.57 446 0.90 1 3.6 101.8 

In the SmB* phase clearly defined stable peaks appear in the frequency 
range 60-90 Hz with dielectric strength about Δε = 50.  The parameters of this 
mode are presented in Table 2. The high value of dielectric strength suggests 
some kind of collective molecular oscillation mode.  

Table 2 
Parameters of relaxations in the range of SmB* phase 

σ[S/cm] 
10-10 

n Δε τ 
10-3[s] 

νR 
[Hz] 

α β MSD 
10-2 

T[0C] 

4.9 0.65 47.5 1.9 83 0.98 1 2.1 95 
5.3 0.65 48 1.89 82 0.98 1 2.05 96 
5.96 0.65 47 1.83 87 0.98 1 2.08 97 
6.84 0.65 46.5 1.76 90 0.99 1 2.15 98 
9.13 0.65 48.9 1.72 93 0.99 1 2.2 99 
11 0.65 49.2 1.77 89 0.99 1 2.4 100 
25 0.66 57 2.67 60 0.96 1 4.2 101 

Mishra et. al [16] investigated the dielectric properties of a similar 
compound possessing quite similar  phase sequence, but showing much broader 
temperature range of SmC* phase. They registered Goldstone mode in SmC* 
phase, some  additional relaxation processes in the N* was interpreted as a soft 
mode and another weak relaxation process in the SmB* phases has also been 
detected. The relaxation process in the SmB*phase was ascribed to the short-
axis relaxation  mode (molecular motion around short axis of molecule). Such 
relaxations round short axis may be expected to be much slower than any other 
molecular relaxation process so comparatively small values of the relaxation 
frequency should not be surprising. However, the values of  relaxation 
frequencies registered in our samples are approximately two orders of magnitude 
smaller than those presented by Mishra et.al. In this situation the interpretation 
of the relaxation process in SmB* phase in the investigated LC material remains 
an open problem.  
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4. CONCLUSIONS 
 

1. The dielectric measurements confirm the existence of the ferroelectric 
phase in a relatively narrow temperature range between 101.40C÷101.8oC  
in the investigated compound.  

2. The Goldstone mode detected in SmC* phase exhibits a relatively low 
but reasonable relaxation frequency close to 1 kHz. 

3. Low frequency dielectric relaxation mode was detected in the SmB* 
phase in the frequency range 60-90 Hz, the mode is probably related to 
some kind of collective molecular motion.  

4. No dielectric relaxation modes were detected in the SmA* and nematic 
N* phases in the frequency range used. 

5. 1H3R compound presented in this paper is very similar to 1H6Bi [15] 
compound, the only difference  between the two materials consists in the 
different number of CH2 groups in the tail. However, the difference in 
both phase sequence and dielectric properties is quite remarkable. This 
supports the suggestion of strong, sometimes crucial influence of non-
polar tails on the dielectric properties of LC materials.  

 
 

REFERENCES 

[1] Lagerwall J.P.F., Rudquist P., Lagerwall S.T., Gieβelmann F. 2003. On the phase 
sequence of antiferroelectric liquid crystals and its relation to orientational and 
translational order.  Liq. Cryst. 30: 399-414. 

[2] Buivydas M., Gouda F., Anderson, G., Lagerwall, S.T., Stebler, B., Bomelburg, J., 
Heppke G., Gestblom B. 1997. Collective and non-collective excitations in 
antiferroelectric and ferrielectric liquid crystals studied by dielectric relaxation 
spectroscopy and electro-optic measurements. Liq. Cryst. 23: 723-739. 

[3] Merino S., De Daran F., De La Fuente M.R., Jubindo M.A.P., Sierra P. 1997. 
Molecular and collective modes in ferroelectric liquid crystals studied by dielectric 
spectroscopy. Liq. Cryst. 23: 275-283. 

[4] Kumari S., Das I.M.L., Dąbrowski R. 2001. Effect of DC bias and cell thickness on 
the characteristic dielectric parameters of the relaxation modes of an antiferroelectric 
liquid crystal, J. Mol. Liquids, 158: 1-6. 

[5] Kumar A., Prakash J., Biradar A.M. 2010. Non-linear behaviour of phason mode 
with bias field in ferroelectric liquid crystals. Liq. Cryst. 37: 247-253. 

[6] Buivydas M., Gouda F., Anderson G., Lagerwall S.T., Stebler B., Bomelburg J., 
Heppke G., Gestblom B. 1997. Collective and non-collective excitations in 
antiferroelectric and ferrielectric liquid crystals studied by dielectric relaxation 
spectroscopy and electro-optic measurements. Liq. Cryst. 23: 723-739. 

http://www.tandfonline.com/author/BUIVYDAS%2C+M
http://www.tandfonline.com/author/GOUDA%2C+F
http://www.tandfonline.com/author/ANDERSSON%2C+G
http://www.tandfonline.com/author/LAGERWALL%2C+S+T
http://www.tandfonline.com/author/STEBLER%2C+B
http://www.tandfonline.com/author/BOMELBURG%2C+J
http://www.tandfonline.com/author/HEPPKE%2C+G
http://www.tandfonline.com/author/HEPPKE%2C+G
http://www.tandfonline.com/author/GESTBLOM%2C+B


      Dielectric properties of  FLC material          85 

[7] Manna U., Song J.-K., Power G., Vij J.K. 2008. Effect of cell surfaces on the 
stability of chiral smectic-C phases. Phys. Rev. E. 78: 021711-1–021711-8. 

[8] Haldar S., Dey K.C., Sinha D., Mandal P.K., Haase W., Kula P. 2012. X-ray 
diffraction and dielectric spectroscopy studies on a partially fluorinated ferroelectric 
liquid crystal from the family of terphenyl esters. Liq. Cryst. 39:1196-1203. 

[9] Arora P., Mikułko A., Podgornov F., Haase W. 2009. Dielectric and electro-optic 
properties of new ferroelectric liquid crystalline mixture doped with carbon 
nanotubes. Mol. Cryst. Liq. Cryst. 502: 1-8. 

[10] Goswami D., Sinha D., Debnath A., Mandal P.K., Gupta S.K., Haase W., Ziobro D., 
Dąbrowski R. 2013. Molecular and dynamical properties of a perfluorinated liquid 
crystal with direct transition from ferroelectric SmC* phase to isotropic phase. J. Mol. 
Liq. 182: 95-101. 

[11] Kremer F. 1997. Broadband dielectric spectroscopy on collective and molecular 
dynamics in ferroelectric liquid crystals, in: Dielectric Spectroscopy of polymeric 
materials, eds. Runt J.P., Fitzgerald J.J., 423-434. Washington DC: American 
Chemical Society. 

[12] Buivydas M., Gouda F., Lagerwall S.T., Stebler B. 1995.The molecular aspect of 
the double absorption peak in the dielectric spectrum of the antiferroelectric liquid 
crystal phase. Liq. Cryst. 18: 879-886. 

[13] Pandey G., Dhar R., Agraval V.K., Dąbrowski R. 2006. Dielectric Spectroscopy of 
Ferro- and Antiferroelectric Phases of (S)-(+)-4′- (1-Methylheptyloxycarbonyl) 
Biphenyl-4-yl 4-(6-heptanoyloxyhex-1-oxy) Benzoate. Ferroelectrics 343: 139-149. 

[14] Pandey G., Dhar R., Dąbrowski R. 2006. Dielectric Spectroscopy of a Newly 
Synthesized Chlorinated Analogue of MHPOBC Antiferroelectric Liquid Crystals. 
Ferroelectrics 343: 83-100. 

[15] Bąk G.W., Wojciechowski M., Tykarska M. 2015. Some physical properties of 
liquid crystalline1H6Bi compound. J. Mol. Liq. 201: 43-49. 

[16] Mishra A., Węgłowska D., Dąbrowski R., Dhar R. 2015. Relaxation phenomena of 
highly tilted ferroelectric liquid crystalline material (S)-(+)-4'-(3pentanoyloxy prop-
1oxy)biphenyl-4-yl-4-(methylheptyloxy)benzoates. Liq. Cryst. 42: 1543-1549. 

DIELEKTRYCZNE WŁASNOŚCI 
FERROELEKTRYCZNEGO  CIEKŁEGO KRYSZTAŁU 

Z CHIRALNĄ FAZĄ NEMATYCZNĄ  

Streszczenie 

Dielektryczne badania ferroelektycznego związku ciekłokrystalicznego 
1H3R z nematyczną fazą chiralną przeprowadzono w obszarze niskich częstości. 




