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H.T. NGUYEN, A. BOUCHTA, C. DESTRADE 
Centre de Recherche Paul Pascal, CNRS, Domaine Universitaire, Avenue du 
Docteur Schweitzer, 33600 PESSAC, FRANCE 

Abstract The dielectric dispersion in the ferroelecric and antifemoelecmc phases 
of a new liquid crystal (S)-4-( 1-methyiheptyloxycarbonyl)-phenyl 4-(4- 
dodecyloxybenzoy1oxy)benzoate has been investigated in the frequency range 
from 10 Hz to 10 MHz. The behaviour of the soft mode in SmA and the Goldstone 
mode in SmC* have been determined. Two dielectric relaxations have been 
recognized in the antiferroelectric SmCL phase : the first one between 5 kHz and 
50 kHz and the second one, also observable in the ferrielectric SmCh phase, 
around 1 MHz. In SmCFr, a drastic change in the behaviour of the low frequency 
response has been found depending on whether the sample was heated or cooled. 
A sign reversal of the helical pitch has been determined inside the SmC; phase, 
leading to low pitch values of opposite sign in SmC; and SmC*. 

INTRODUCTION 

Since the discovery of the anti,ferroelectric smectic phase (SmC;) as the origin of the 
tristable switching by Chandani ef af. ls2, considerable attention has been paid to 
antiferroelecmc liquid crystals (AFLC) because of their potential application to display 
devices.3 TheSmCA phase has a chiral smectic C structure with an antiferroelectric 
ordering : molecules in neighbouring layers are tilted from the layer normal in opposite 
directions, with a similar tilt angle. Hence, the dipole moments are cancelled out within 
two adjacent layers which implies the lack of a local spontaneous polarization. 

In addition to this SmCL phase, i t  has been pointed out that the chiral smectic C 
phase observed in some AFLCs can be divided into three subphases i.e. SmCi, SmCi 
(classical ferroelectric phase found in  FLCs) and S I ~ C ; . ~  The SmC: phase, appearing 
between the paraelectric SmA and the SmCB phases, usually exists only in a narrow 
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temperature interval. According to the switching characteristics5, the SmC: phase seems 
to show an antiferroelecmc character just below the SmASmCL transition and becomes 
fenielecmc with decreasing temperature. The S m q  phase, intermediate between SmCf, 
and SmC;, was atmbuted to a femelecmc phase by means of conoscopic observation6 
and D-E hysteresis behaviour' : several structures have been yet considered in order to 
describe this phase and a phenomenological model of antiferroelectric liquid crs ta ls  
has been introduced.8.9JO Note that in the following we will designate the SmCB and 
S m q  phases by SmC* and SmCk respectively. 

In this paper, we report the temperature dependence of dielectric dispersion, the 
relaxation behaviour and helical pitch measurements in a new AFLC exhibiting SmC; 
and SmCh phases. 

EXPERIMENTAL PROCEDURE 

The sample used in this experiment was (S)-4-( l-methylheptyloxycarbonyl)-phenyl4- 
(4-dodec yloxybenzoyloxy) benzoate, 

Ci,HzO-@-COO-@ -COO-@ - C O O  C * H  ( C H , )  C , H I 3  

which shows the following phase sequence : 

Cry~t-(69)-SmC~-(98)-SmC~~~-(99.3)-SrnC~~-( lOl)-SmC*-(121)-SmA-( 130)-Is0 

The phase transition temperatures listed above were obtained by both microscopic 
observation and DSC but those in sandwich cells seriously depend on cell thickness. 

Helical pitch measurements have been obtained with a polarizing microscope 
(Pamphot Leitz) equipped with a heating stage (Mettler FP52). The observed light is the 
reflected one. Basic experiments are performed on prismatic cells with weak angle 
according to the process already described." For the compound studied, a good pseudo- 
homeotropic orientation is easily obtained i n  SmC* phase, leading to the well-known 
Grandjean-Cano texture : many regular steps are observed that enable precise 
determination of the pitch and its dependance versus the temperature. So the compound 
is introduced in the cell duling the SmC* phase. 

Dielectric measurements were performed with an impedance analyser (HP4192A) 
as detailled in a previous paper.12 Sample cells were constructed from two glass 
substrates with patterned ITO, separated by 15 pm thick spacers. The area of the 
electrodes was 9 mm2. Homogeneous alignment (planar orientation) was achieved by 
coating the glasses with polyimide and rubbing unidirectionaly. An AC measuring field 
of 0.5 V was applied in a parallel direction to the smectic layers. After stabilizing the 
temperature, the real and imaginary pans E' and E" of the complex dielectric constant E* 
(E*= E ' - ~ E "  ) were carried out in  the frequency range 10 Hz - 10 MHz during the cooling 
run as well as the heating run with the rate 0.1 "C/min. The alignment was optically 
controled using a polarizing microscope with transmitted light. 
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HELICAL PITCH MEASUREMENTS 

In SmC' phase, variation of the pitch value is weak on the most part of the existence 
domain : p = 0.36 pm at T = 104 "C down to p = 0.35 pm at T = 116.8 "C. When 
approaching the SmA phase strong damage of the texture appears but it is accompanied 
with a defiling of the visible reflected colors that enables pitch variations measurements: 
quick changes from green to purple colors correspond to the end of the half pitch 

reflexion (h. 2 np) ; then appears the whole visible spectrum, from red to purple 
corresponding to the full pitch reflexion (h  2 2 np). There the pitch varies between p = 
0.2 pm and p = 0.13 pm at T = 118 "C and T = 118.6 "C. 

I 80 I10 1 t o  I30 

FIGURE 1 Helical pitch variation versus temperature 

Rapid cooling (T = 2 "C/min) leads to the SmC; phase exhibiting small pitches 
deduced from the observation of the selective reflexion colors : clear green 
corresponding to p z 0.36 pm at T = 80 OC. Pitch variations are weak on the whole 
SmC; as shown by Fig. 1. When. the temperature increases, spectacular phenomena 
occur between SmCl and SmC* phases : the characteristic stable color of the SmCl 
moves quickly towards the red one, showing the phase transition to a less strongly 
twisted - fenielectric - phase. The colors that follow are situated on the red side of the 
visible spectrum : they are hardly detectable but their modification rate shows that the 
twist diminishes slower than during the S m C ~ S m C ~ I  transition as suggested by dotted 
curves. Near the SmC* phase, the sucession of the above described phenomena occurs 
in opposite order, corresponding to the SmCE12 phase and its transition to SmC*. 

The sign of pitches (> 0 for a dextro-structure) have been determined in the 
following way : the selectively reflected light is extinguished with a circular analyser. 
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The well-known relation between the sense of selective reflexion and the twist of the 
structure leads to the required sign. For this compound the SmCi phase is dextro- 
structure while the SmC' phase is leavo-structure. For femelecmc phases, the sign of 
twist is then deduced by continuity. As explained above, when increasing the 
temperature during the SmChI and SmCk2 phases is observed the disparition and the 
reapparition of optical visible colors : that observation accompanies the sign reversal of 
the pitch. This "Pitch inversion" is quoted on the figure ; it occurs at T = 100.6 "C. But it 
remains a question : is the pitch inversion temperature the signature of the transition 
between SmCkl and SmCk2 phases ? 

DELECTRIC MEASUREMENTS 

Typical dispersion curves in each phase obtained during the cooling process, as well as 
the dielectric response in the SmC; phase in the heating process, are plotted in Fig. 2. 
Note that each coordinate is properly scaled and that results below 100 Hz are not 
shown because of a large experimental error in the measurement which is affected by 
conductivity at low frequencies. Several relaxation modes occur while decreasing 
temperature and manifest as maxima on the imaginary part of dispersion, corresponding 
to relaxation frequencies. First of all, the small peak appearing in E" curves at about 10 
MHz is an artifact caused by the I T 0  layer resistance. In SmA, the relaxation at 500 lcHz 
is due to the well-known soft mode described as the fluctuation of the molecular tilt 
angle. This mode also exists in SmC* but we only observe the Goldstone mode at 5 lcHz 
because of its a larger amplitude. The Goldstone mode is associated with the fluctuation 
of the azimuthal angle around the helical axis. Dielectric spectra do not allow us to 
distinguish the two femelectric phases SmChl and SmCk2 : when cooling from SmC*, 
the SmCL phase has a dielectric relaxation around 5 kHz in his highest temperature 
range whereas a low frequency relaxation at 200 Hz is clearly distinguished in the 
heating process as illustrated by Fig. 2d. In SmCi, we recognize a small amplitude 
relaxation at 40 kHz. At last, we find an high frequency relaxation mode, which is also a 
small amplitude one, in  both SmC* and SmCi phases : its frequency increases from 
500 kHz  in SmC& to 1 MHz in SmCA 

In Fig. 3, we show the temperature dependence at cooling of the dielectric 
constant E' at several frequencies and the different relaxation frequencies. In SmA, the 
soft mode obeys to the Curie-Weiss law : on approaching the SmC' phase, the 
relaxation frequency Fr decreases linearly with decreasing temperature. Note that we 
choose a logarithmic scale on frequency axis so that the linear behaviour is not revealed. 
At high frequencies, the temperature dependent part of E' around the SmA-SmC* 
transition is only due to the soft mode and reaches its maximum at the transition. 
In SmC', the relaxation frequency is almost constant at 5 kHz except in a few degrees 
below the SmA phase where Fr and the contribution to E' exhibit a minimum and a 
maximum respectively. This result is connected with the behaviour of the helicoidal 
pitch p in SmC* phase since Fr is expected to be proportional to (l/p2)13.14 : as reported 
in  Fig. 1, the pitch also reaches a maximum at 2 "C below the transition from SmA. At 
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the SmC'SmCh transition, E' slightly increases at 100 lcHz while it decreases at lower 
frequencies. 

0 
2 3 . 5 6 

Log I IHzl 

. 
5 -  

. 

_ .  
2 3 5 6 

Lag I iHZl 

FIGURE 2 Typical dielectricdispersioncurves in (a) S m A  123 "C, (b) SmC' 119 
O C ,  (c) SmCh at cooling 99.5 "C, (d) SrnCil at heating 102 "C, (e) SmC; 95.5 "C 

E' open circles, E" closed circles 
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(3b) 

4 0 100 kHz 
0 

200 

E l  

100 

0 
85 90 95 100 105 110 115 120 125 130 

-r ( "C) 

10000 I 

'1 
70 75 80 85 90 95 100 105 110 115 120 125 130 

T ("C) 

FIGURE 3 Temperature dependence at cooling of (a) the dielectric constant for 
100 Hz, 1 kHz, 5 kHz, 10 kHz, (b) the dielectric constant for 100 kHz, (c) the 
relaxation frequency 
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500 

& '  * 

250 - 

In SmCk, two different dielectric spectra are obtained depending on cooling or heating 
the sample. Consequently, we also report in Fig. 4 the temperature dependence at 
heating of E' and the relaxation frequencies. 

(4a) 0 100 Hz 
1 kHz 

A 5kHz 80 
1OkHz 

d 
0 

8 %  
0 

85 90 95 100 105 110 115 120 125 130 

T (" C) 

10000 
(4b) 

FIGURE 4 Temperature dependence at heating of (a) the dielectric constant for 
100 Hz, 1 kHz, 5 kHz, 10 kHz, (b) the relaxation frequency 

On the one hand, at cooling E' falls down to the value in the antiferroelecmc phase but 
a relaxation in the same frequency range as the Goldstone mode in SmC* still remains 
observable over 1.5 "C, and may be attributed to the Goldstone mode in SmC; : its 
strength is smaller than in SmC* because of the partial compensation of the local dipole 
moments in the SmC;* phase. Furthermore, an high frequency relaxation is found which 
frequency increases with decreasing temperature until it reaches 1.4 MHz in SmCL and 
then slowly decreases. We may describe this relaxation process as the soft mode. On the 
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other hand, we observe in the heating process a large amplitude relaxation at about 200 
Hz in a 4 "C temperature interval around the SmCiSmCk transition. In the same way, 
a peak occurs on E' curves at 100 Hz, which maximum is about 400 while the one at 
cooling is only 150. As recently p r ~ p o s e d ~ ~ . ~ ~ ,  the SmCk phase could be considered as 
a bilayer structure with an almost constant tilt angle and a difference in the azimuthal 
angle of two adjacent layers which is neither 0" nor 180'. Then, an antiphase azimuthal 
mode is expected to have a low-frequency contribution, maximum at the SrnCi-SmCL 
transition. But the relation between this mode and our low-frequency relaxation, and the 
reason why the low frequency dielectric response is so different between cooling and 
heating are not clarified at this stage. 
In SmCi, apart from the soft mode already mentioned around 1 MHz, we recognize 
another small amplitude relaxation. Fr increases linearly from 5 kHz to 50 kHz with 
increasing temperature and can be charactanzed by an activation energy of 0.45 eV. 
Some authors have reported that this relaxation mode appears for both homogeneously 
and homeotropically aligned cells in an other AFLC17. It leads us to attribute this mode 
to the rotation around the short axis of molecules 18. 

In summary, dielectric properties have been investigated as functions of frequency 
and temperature for the compound n=12 of a new series of antiferroelecmc liquid 
crystals. In addition to the soft mode and the Goldstone mode in SmA and SmC' 
respectively, we have found others dielectric relaxations : in SmC;, two modes which 
may be connected with a rotation around the short axis of molecules and a soft mode; in 
SmCh, the Goldstone mode just below SmC* and the soft mode but also a low 
frequency mode which origin is still to be determined. 
We now intend to study all the compounds of the series, some of them with short alkoxy 
chain displaying the SmC: phase, and also the effect of a DC Bias field on the dielectric 
strength and the relaxation frequency, which may add further information to the 
vibrational modes and the structures of these phases. 
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