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Abstract: There are only few compounds, which have shown wide temperature range twist grain boundary (TGB) phases. 

One such compound is the cholesterol derived, 4-n-dodecyloxy-4'-(cholesteryloxycarbonyl-1-butyloxy) chalcone, which 

shows a wide temperature range TGBA (~ 11 °C) and TGBC
*
 (~ 19 °C). In the present work, we are reporting the  

temperature and frequency dependence of the dielectric parameters of the above compound for two different conditions of 

molecular anchoring i.e. planar and homeotropic. The dielectric studies have been carried out in the frequency range of 1 

Hz to 35 MHz. In homeotropically aligned sample, the experimental dielectric spectra display a feeble relaxation mode in 

TGBA and TGBC
*
 phases in MHz frequency range. Planar oriented molecules show a soft mode like relaxation due to the 

tilt fluctuation of molecules in MHz region for both the TGB phases and support theoretical formulation for the soft mode 

relaxation of the TGB phases. Various dielectric parameters have been determined for the two TGB phases of the above 

mentioned compound.  
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1. INTRODUCTION 

 Chirality in functional molecular materials is a powerful 
tool for inducing properties and molecular organizations 
absent in nonchiral materials. This is particularly true in 
mesogenic materials. For instance, the twist-grain boundary 
(TGB) phase is a type of frustrated phases with absorbing 
physical and structural features, which are found exclusively 
in optically active systems. TGB phases have been known 
since 1988 [1] and have attracted great consideration during 
the last two decades. Chiral liquid crystals have the tendency 
to form a cholesteric-like helical director field. On the other 
hand, the molecular interactions may favor a smectic layer 
structure. However, it is impossible to realize a continuous 
structure which exhibits both a cholesteric director field and 
a smectic layer structure at the same time. The competition 
between these two structural features can result in frustrated 
structures containing a regular lattice of grain boundaries, 
which in turn consist of a lattice of screw dislocations. This 
defect structure exhibits an interesting theoretical analogy to 
the flux line lattice which occurs in the Shubnikov phase of 
type II superconductors. However, the range of parameters 
determining the structure is larger in liquid crystals than in 
superconductors. A large variety of new phases, such as the 
TGBA [1], TGBC [2], TGBC

*
 [3], melted grain boundary 

[4] phases, a defect line liquid (N
*

L) [5], antiferroelectric  
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crystals of twist grain boundaries [6], and smectic blue 
phases [7] have been predicted and/or experimentally ob-
served. The first experimental observation of TGBA phase 
was reported by Goodby et al., [8, 9]. As shown in Fig. (1a), 
a TGBA phase consists of smectic slabs, separated by defect 
walls (grain boundaries) consisting of defect lines (twist dis-
locations). In the slabs, molecules are arranged in layers with 
their director normal to the smectic layers. Neighboring slabs 
(and hence molecular director in the slabs) are twisted with 
respect to each other by an angle , thereby forming a heli-
cal structure with the helix axis normal to the molecular di-
rector [1, 10, 11]. The length along the helical axis corre-
sponding to the twist of smectic slabs (lb), distance between 
defect lines (ld) and pitch (P) are related by equation: 

 =
2

=
lb

P
=

1
tan 1 d

2ld

1
sin 1 d

2ld

 

where d is the layer spacing and , a number. If  is irra-
tional, the structure is incommensurate, i.e. there is no perio-
dicity of the orientation of the slabs along the pitch axis; 
however, if  is rational, the system is commensurate and has 
an n-fold screw axis. 

 Two more TGB phases, namely TGBC and TGBC* were 
predicted by Renn and Lubensky [2, 3]. The schematic 
demonstration for TGBC* phase are shown in Fig. (1b). 
These would correspond to Abrikosov vortex lattices in a 
hypothetical superconductor wherein Ginzburg parameter (k) 
is negative and there is Bose condensation. Renn [3] derived 
the mean-field phase diagram of N*-SmA-SmC* within the 
framework of the chiral Chen-Lubensky model, which 
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showed the existence of TGBC and TGBC* phases. He 
showed that the TGBA-TGBC transition is replaced by 
TGBA-TGBC* transition when the cholesteric pitch length P 
increases beyond 2PC /3, where PC is the pitch length of 
SmC*. In the proposed TGBC structure [3], directors of the 
molecules in the smectic slabs are tilted with respect to the 
smectic layer normal. In TGBC* phase, slabs are filled by 
SmC* structure and thus TGBC* has two helices that are 
mutually perpendicular to each other. N

*
L phase is the analog 

of the flux line liquid occurring in type II superconductors 
with strong fluctuations expected between N

*
 and TGBA 

phases [5] and it has been experimentally observed in some 
materials [12, 13]. Present study reports the temperature  
and frequency dependence of the dielectric properties of  
the cholesterol derived optically active unsymmetrical  
liquid crystalline dimeric compound 4-n-dodecyloxy-4'-
(cholesteryloxycarbonyl-1-butyloxy) chalcone. Synthesis 
and preliminary characterization of different phases of the 
material is previously reported [14]. 

2. EXPERIMENTAL 

 Using polarized light microscopy the different phases in 
the compound have been identified in the earlier published 
work [14], and re-confirmed in this study as well. The di-
electric measurements for the planar aligned sample were 
carried out with a dielectric cell in the form of parallel-plate 
capacitor from AWAT, Warsaw. Electrodes of the cell are 
gold coated glass plates and separated by spacer of thickness 
8.8 m. Active capacitance (CA) of cell was 34.0 pF. For the 
homeotropic alignment, the dielectric cell in the form of par-
allel-plate capacitor was prepared using gold-coated glass 
plates, having a sheet resistance of less than 1.0-1.5  and 
chemically treated with lecithin. The material has been filled 
in the cell in its isotropic liquid phase at a temperature above 
10 °C to clearing point. Dielectric data have been acquired 
by using the Newton’s Phase Sensitive Multimeter (model-
1735) coupled with Impedance Analysis Interface (IAI 
model-1257), in the frequency range of 1 Hz to 35 MHz. The 
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Fig. (1). Schematic representation For (a) TGBA and (b) TGBC* phase. 
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temperature of the sample was controlled with the help of a 
hot stage (Instec model HS-1) having an accuracy of ± 0.1 
°C and a resolution of 3 mK. The temperature near the  
sample has been determined by measuring thermo-emf of  
a copper-constantan thermocouple with the help of a six  
and half digit multimeter from Agilent (model-34410A) with 
the accuracy of ± 0.1 °C. The active capacitance (CA) of the 
homeotropic cell has been determined by using standard 
non-polar liquid (cyclohexane in this case) as follows: 

 CA= [C (ch)-C (a)]/ [ ' (ch)-1],          (1) 

where C(ch) and C(a) are the capacitance of the cell filled 
with cyclohexane and air respectively, '(ch) is the relative 
permittivity of cyclohexane. Complete removal of the cyclo-
hexane (after the calibration) from the cell was ensured by 
comparing the capacity of the cell before and after filling the 
cyclohexane. The dielectric permittivity and loss of the mate-
rial have been calculated with the help of the following equa-
tions: 

 For homeotropic cell  

 '  = [{C (m)-C (a)}/CA] +1        (2a) 

 For planar aligned cell 

 '  = C (m) / (CA = 34.0 pF)        (2b) 

and 

 "  = 1/2  f RCA               (3) 

where å'  and å"  are the dielectric permittivity and loss, 
respectively; C (m) is the capacitance of the cell filled with 

material; f the frequency; and R the resistance of the material 

filled between parallel glass plates. 

 In the case of dispersive material, the measured dielectric 

spectrum can be described with the help of generalized Cole-

Cole equation [15, 16]: 

*
=

' j "
= ( ) +

( )i

1+(j f  i )
(1 hi )

i
+

A

f n
j ion

2 0 f k
jB mf

 (4)
 

where ( )i, i and hi are the dielectric strength, the relaxa-
tion time (inverse of relaxation frequency) and the symmet-
ric distribution parameter (0 hi 1) of the i

th
 mode, respec-

tively; (0) and ( ), the low and high frequency limiting 
values of the relative dielectric permittivity; and the third 
and fourth terms in Equation (4), represent the contribution 
of the electrode polarization capacitance and ionic conduc-
tance at low frequencies where A and n are constants [17]. In 
the case of pure ohmic conductance, constant k is found to 
be 1. The fifth imaginary term Bf 

m
 is included in Equation 

(4) to partially account for the high-frequency electrode sur-

face resistance [18, 19], B and m being constants as long as 
correction is small and 0 (=8.85 pFm

-1
) is the free space 

permittivity. Real and imaginary part of Equation (4) can be 
written as follows: 

' = ( ) +
i[1+(  i )

(1 hi )
sin hi 2( )]

1+(   i )
2(1 hi )

+2(  i )
(1 hi )

sin hi /2( )i
+

A

f n
 (5) 

and 

" =
i (  i )

(1 hi )cos(hi /2)

1+ (   i )
2(1 hi )

+ 2(  i )
(1 hi )sin(hi /2)i

+ ion

2 0 f k
+ B mf   

(6)
 

 To explore the expected mode of relaxation in these sys-
tems, the dielectric permittivity and loss data have been fit-
ted with the help of Equations (5) and (6). We have sub-
tracted low frequency correction terms due to electrode po-
larization capacitance from the measured data to explore 
relaxation phenomenon in TGBA and TGBC

*
 phases. 

3. RESULTS AND DISCUSSION 

 The chemical structure of the investigated compound is 
shown in Fig. (2). Optical texture study under the polarizing 
light microscope is a fundamental tool for classifying liquid-
crystalline phases. TGB phases are also most often character-
ized on the basis of their characteristic textures under differ-
ent types of anchoring of molecular directors. A very charac-
teristic pattern for a TGBA phase is the filament texture 
shown in Fig. (3a), which occurs for the anchoring of the 
director normal to the bounding surfaces of the sample (ho-
meotropic). The TGBC

*
 phase also shows the filamentary 

textures in homeotropic alignment as shown in Fig. (3b). 
The filaments observed in the TGBC

*
 phase are different 

from the TGBA phase. The TGBC
*
 filaments are undulatory 

in nature, the period of undulation being about the same as 
that of the square grid pattern obtained in the planar geome-
try [20]. The phase sequence of investigated compound as 
obtained from the polarized light microscopy and differential 
scanning calorimetry are given below, 

In the Heating Cycle 

 Crystal 114.3 °C (49.4) TGBA 124.9 °C (8.7) Isotropic 
liquid;  

In the Cooling Cycle 

 Isotropic liquid 121.2 °C (8.3) TGBA 106.7 °C (0.2) 
TGBC

*
 74.2 °C (28.2) Crystal. 

 Where data in parentheses are enthalpies (Jg 
-1

), whereas 
those outside the parenthesis are transition temperature (°C) 
associated with phase transitions. 

 

 

 

 

 

Fig. (2). Molecular structure of optically active dimeric compound, 4-n-dodecyloxy-4'-(cholesteryloxycarbonyl-1-butyloxy) chalcone. 
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 Dielectric studies have been carried out in planar  

and homeotropic configurations in the frequency range  

of 1 Hz to 10 MHz of the compound 4-n-dodecyloxy-4'-

(cholesteryloxycarbonyl-1-butyloxy) chalcone for which 

TGB phase have been observed. It has been examined that 

dielectric permittivity in planar configuration (
'

) in the 

isotropic liquid phase is almost constant with the frequency 

in the frequency range 1 Hz to 35 MHz, implying that no 

dipolar relaxation phenomenon occurs in this frequency 

range. However, in the TGBA and TGBC
*
 phases, permittiv-

ity value shows dispersion with the frequency. This is be-

cause of the presence of a feeble dielectric relaxation mecha-

nism in the MHz frequency region as shown in Fig. (4a) for 

TGBC
*
 phase. Similar mechanism has been observed for the 

TGBA phase. But observed strength in TGBA phase is 

weaker than the TGBC
*
 phase. The dielectric permittivity 

and loss fitted data for TGBC
*
 phase at 93.2 °C is given in 

Figs. (4a) and (4b) respectively. The relaxation phenomenon 

for TGBC
*
 phase in the Cole-Cole plot at 93.2 °C is shown 

in Fig. (5). The dielectric strength and relaxation frequency 

of the observed mode has been found to be in the ranges of 

1.0-1.4 and 3.7-7.9 MHz respectively for these phases as 

shown in Fig. (6). The magnitude of the dielectric strength 

observed in this work is almost the same as observed by Is-

maili et al., [21], but relaxation frequencies are marginally 

towards higher side. Difference of the relaxation frequencies 

may be featured to different shape and size of the molecules 

in the above two cases. Molecular interactions depend upon 

the functional group attached with the molecules which are 

also different in two different studies and may be the cause 

of difference in the relaxation frequencies. In the research of 

Ismaili et al., [21], molecular interactions seem larger (due to 

the presence of fluorine) than in this system. It may be useful 

to remind here that the soft mode is due to the amplitude 

fluctuation of group of molecules. Strong molecular interac-

tion produces a large group of molecules which will cause 

low soft mode relaxation frequency as observed in the re-

search of Ismaili et al., [21]. It is important to mention that 

the variations of both the dielectric strength and relaxation 

frequency are continuous at TGBA-TGBC
*
 transition. There 

is no drastic change at the transition as it usually happens in 

the case of soft mode (of the SmA
*
 phase) to Goldstone 

mode (of the SmC* phase) transitions in the ferroelectric 

liquid crystalline materials. Hence, on the basis of the mag-

nitude and temperature dependence of the dielectric strength 

and relaxation frequencies, we presume the mode as soft 

mode of the TGBA and TGBC* phases. It is important to 

talk about the strength of the observed soft mode is ( ) SM 

= (0) - '( ), where (0) is the low frequency limiting value 

of dielectric permittivity and '( ) is the lowest value of di-

electric permittivity corresponding to the soft mode. It is 

expected that another relaxation mode corresponding to the 

rotation of molecules about their short axes will exist above 

10 MHz and strength of this mode would be '( )- ( ). Tak-

ing crystal phase dielectric permittivity data (~2.6) approxi-

mately as ( ), strength of the relaxation mode correspond-

ing to the rotation of molecules about their short axes is ex-

pected to be ~0.6. 

 In the homeotropic anchoring of molecules, it has been 

observed that the dielectric permittivity in the isotropic liq-

uid phase is almost constant with the frequency in the fre-
quency range 1 Hz to 10 MHz as observed in planar configu-

ration, implying that no dipolar relaxation phenomenon oc-

curs in this frequency range. However, in the TGBA and 
TGBC

*
 phases, a relaxation mechanism occurs on higher 

frequency region side. The Cole-Cole fitting of dielectric 

permittivity and dielectric loss for TGBC
*
 phase is given in 

Figs (7a) and (7b) respectively. In Fig. (8a), the relaxation 

mode (in inset) and the relaxation peak of the cell are shown, 

a three dimensional plot given in Fig. (8b), which shows this 
mode at different temperatures. The dielectric strength and 

relaxation frequency of the observed mode has been found to 

be in the ranges of 0.4-0.7 and 3.2-5.4 MHz respectively 
for TGBA and TGBC

*
 phases. The nature of the molecular 

 

 

 

 

 

 

 

 

 

Fig. (3). Optical textures observed for 4-n-dodecyloxy-4'-(cholesteryloxycarbonyl-1-butyloxy) chalcone on slides treated for homeotropic 

orientation: (a) filaments of TGBA growing from the isotropic liquid phase; (b) undulated filaments of TGBC* phase. 
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alignment (homeotropic), the Cole-Cole fitting of the dielec-
tric data, temperature dependence of relaxation frequency, 

and magnitude of activations energies in different 

mesophases suggest that this mode arise due to the rotation 
of individual molecules about their short axes [22].  
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Fig. (4). Frequency dispersion of (a) dielectric-permittivity and (b) dielectric loss at 93.2 °C in the TGBC* phase for the planar anchoring of 

the molecules to demonstrate signatures of the soft mode (on the higher frequency side). The solid line is fit of Cole-Cole formula. 

 

 

 

 

 

 

 

 

Fig. (5). Cole-Cole plot for the soft mode of TGBC* phase at 93.2 °C of the compound DC-4, 12. Open squares show corrected data of di-

electric loss with relative dielectric permittivity at different frequencies for planar cell in cooling cycle, solid line is semicircle fit of the data 

and the broken line is extrapolation for the values of (0) and '( ). Where (0) is the low frequency limiting value of dielectric permittivity 

and '( ) is the lowest value of dielectric permittivity corresponding to the soft mode i.e. high frequency limiting value. 
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 The relaxation frequency of TGBA and TGBC
*
 phases 

follow Arrhenius behavior as follows: 

 f
r

= f
0

exp
Wa
NkT

           (7) 

 Where T is the temperature in Kelvin, N is Avogadro 
number, k (= 1.38x 10

-23
 J-K

-1
) is the Boltzman constant and 

Wa is activation energy. We found the activation energy in 
homeotropic anchoring for TGBA and TGBC* phase is 34.2 
kJ/mole and 38.4 kJ/mole respectively (see Fig. (9a)), and 

 

 

 

 

 

 

 

 

 

Fig. (6). Temperature dependences of the relaxation frequency, fr (solid circles) and dielectric strength,  (open squares) of soft mode re-

laxation in planar anchoring in TGBA and TGBC* phases. 
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Fig. (7). Frequency dispersion of (a) dielectric-permittivity and (b) dielectric loss at 94.2 °C in the TGBC* phase in homeotropic aligned 

sample to demonstrate a relaxation mode (on the higher frequency side). The solid line is fit of Cole-Cole formula. 
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for planar anchoring in TGBA and TGBC* phase is 52.4 
kJ/mole and 54.0 kJ/mole respectively (see Fig. (9b)). 

 Excluding the immediate vicinity of transition tempera-
tures, the variation of inverse of dielectric strength (

-1
) 

with temperature is linear (see Fig. 10) in both phases 
(TGBA and TGBC*) for homeotropic and planar alignments. 
The calculated slopes are: 

 In homeotropic anchoring: 

 (d
-1

/dT) TGBA = 0.15 °C 
-1

  

 (d
-1

/dT) TGBC
*

 = 0.05 °C 
-1

 

 In planar anchoring: 

 (d
-1

/dT) TGBA = 0.040 °C 
-1

  

 (d
-1

/dT) TGBC
*

 = 0.008 °C 
-1

 

 Thus from above one can see that slope of TGBC
*
 phase 

is less than that of TGBA phase in both planar and  
homeotropic alignment. 

 For the comparative study of the rotational viscosity in 
planar anchoring of molecules for TGBA and TGBC* 

phases, we use the theoretical expression from Ismaili et al., 
[21] given as: 

( f
r
)
TGBA

=
0

2C 2

2 TGBA

        

(8a)

 

( fr )TGBC*=
0

2C 2

2 TGBC*
cos2( s )

           

(8b)

 

where TGBA and TGBC* are viscosity of relaxation mode of 

TGBA and TGBC
*
 phases. It is important to point out that 

cos
2
( s) is the result of two projections: projection of the 

applied field say Ex on the smectic planes and projection on 

the X-direction of the dipoles induced in the smectic planes. 
This geometric factor is almost equal to unity, since the 

spontaneous tilt angle is rarely higher than 15° in the TGBC
*
 

phase [23].  

 The plot of fr versus temperature in Fig. (11) shows 
that the product fr have higher value in TGBA than in the 
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Fig. (8). Frequency dispersion of tan delta demonstrating a relaxation mode in high frequency region for homeotropic aligned sample  

in the TGBC* phase (a) at 95.0 °C shows relaxation mode in inset and (b) A three dimensional plot at temperatures 95.0, 97.0, 99.0 and 

101.0 °C. 
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Fig. (9). Arrhenius plot for relaxation frequencies related to the detected relaxation mode in cooling cycle in TGBA and TGBC* phases (a) In 

homeotropic anchoring and (b) in planar anchoring of the molecules. 

 

 

 

 

 

 

 

 

 

 

 
Fig. (10). Variation of inverse of dielectric strength (

-1
) with temperature. (a) In homeotropic anchoring and (b) in planar anchoring. 
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Fig. (11). Variation of fr with temperature for soft mode like relaxation of planar anchoring of the molecule for all members of the series 

in TGBA and TGBC* phases. 

TGBC* phase, consequently rotational viscosity is expected 
to be lower in TGBA than in the TGBC

*
 phase. As fr is 

approximately constant in TGBA phase, so viscosity is also 
quasiconstant in this phase [21]. We find that activation  
energy of TGBA is less whereas relaxation frequency is 
higher than that of the TGBC* phase. This phenomenon also 
confirms that viscosity is lower in TGBA than TGBC

*
 phase.  

CONCLUSIONS 

 Present studies suggest that the planar oriented molecules 
show a soft mode of relaxation due to the tilt fluctuation of 
molecules in the frequency range of 3-8 MHz for both the 
TGB (A and C

*
) phases. A weak mode of relaxation has 

been detected in homeotropically aligned sample in MHz 
region for both TGB phases, which is due to the rotation of 
individual molecules about their short axes. We have found 
that, with the exception of the near neighborhood of transi-
tion temperatures, the variation of inverse of dielectric 
strength with temperature is linear in both the TGB phases. It 
has been found that the slopes of TGBC

*
 phase is less than 

that of the TGBA phase for both the molecular geometries. 
In planar anchoring of the molecules, it has been found that 
the product of dielectric strength ( ) and relaxation fre-
quency (fr) is higher in TGBA than in TGBC

*
 phase, accord-

ingly the rotational viscosity is expected to lower in the 
TGBA than in TGBC

*
 phase. 
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