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Abstract 

New rod-disc liquid crystal (LC) molecule RD12 (12 is 
the number of carbon atoms between the rod and disc 
mesogenic liquid crystals) was synthesized via the 
chemical attachment of six cyanobiphenly calamitic 
mesogens linked to the triphenyl discotic mesogen with 
six alkyl chain linkage. Aligning characteristics 
associated with homogenous alignment is investigated at 
first and then field-dependent molecular reorientation 
under a vertical electric field is studied. Interestingly, 
they show abnormal slow molecular transition from 
initiate state (no electric field condition) to certain 
voltage. In this condition, we observe the molecular 
competition during reorientation. However, once a tilting 
direction of disk molecules are defined, the frustration is 
not observed anymore. The origin of this phenomenon is 
explained with a suggested model for the first time. 

 
 

1. Introduction 
 

A larger number of different LC phases have been 
observed and studied since the first discovery of LC 
materials in the 1880s. The studies of new LC phases 
are continuing to improve electro-optic characteristics 
of liquid crystal displays (LCDs) by the novel design 
and synthesis of complex LC molecules [1]. 
Nevertheless LCDs have been used in much kind of 
applications such as cell phones, monitors and large 
size TVs. However, LC materials used in the LCD 
have intrinsic problems such as viewing-angle 
dependent birefringence, slow response time, resulting 
in deterioration of image qualities [2,3]. In order to 
improve image qualities, several kinds of optical 
compensation films are used so that LCDs show the 
great viewing angle. Furthermore, many kind of LCD 
modes was introduced such as multi-domain vertical 
alignment (MVA) [4], in-plane switching (IPS) [5] and 
fringe-field switching (FFS) [6] modes in order to 
realize high performance LCDs. The response time 
has been also improved but the improvement is still 
not sufficient to show perfect moving images. Hence, 

several researchers have introduced the many kinds of 
new LC materials such as the twist grain boundary 
phases, blue phases, achiral banana phases and biaxial 
nematic (N) LC phases [7-9]. In a biaxial nematic 
phases, there is orientational order not only for the 
long molecular axis but also with the short transverse 
molecular axis so that they can be rotated around the 
long axis under an applied electric field, resulting in 
fast response time. For these reasons, many 
researchers are intensively studying the biaxial N 
phases since the first observation in a complex 
lyotropic mixture of micellar aggregates [10].  
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Rod-disc molecules (RD12), n = 12  
Fig. 1. Chemical structure and calculated 

geometric dimensions of RD12 molecules. 
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In this paper, we introduce newly constructed 
nematic LC molecule combining rod-like and disc-like 
molecules (RD12) synthesized by the double-
component strategy [11]. Unlike common rod-like 
LCs, which exhibit uniaxial positive birefringence 
with the optical long axis parallel to the molecular 
long axis, disc-like LCs possess intrinsically uniaxial 
negative birefringence with the optical long axis 
perpendicular to the disc plane. The competition 
between the excluded volumes of these two extremely 
different mesogenic shapes may result in biaxial 
molecular orientation, wherein the RD12 molecules 
are oriented along mutually orthogonal to molecular 
directors that correspond to the two optical directions. 
Interestingly, we observed that RD12 molecules show 
the abnormal transition under the vertical electric field 
from 0 V to certain voltage. In order to understand 
abnormal behavior of the newly synthesized nematic 
LC molecules, we analyzed phase transition according 
to electric filed conditions. The abnormal transition of 
LC reorientation in response to an electric field 
conditions has been investigated. 

 
 

2. Experiment condition 
 

Figure 1 show the chemical structure and its 
calculated geometric dimensions of RD12 molecules. 
RD12 molecules are synthesized via the chemical 
attachment of six cyanobipenly calamitic (rod) 
mesogens (R) liked to the triphenly discotic (disc) 
mesogen (D) by alkyl chains. Specifically, for the 
RD12 molecule with 12 carbon atoms in each alkyl 
chain linkage exists between the rod and disc 
mesogens. The phase transition of the RD12 according 
to temperature is shown in Figure 2. Here, both 
substrates have rubbed homogenous alignment in 
antiparallel direction. Three ordered phases have been 
observed below the isotropic (I) temperature: the 
nematic LC and two crystalline phases. The 2nd 
crystalline phase (not shown in Figure 2) is formed by 
slowly heating the rapidly quenched sample from the 
nematic phase and is metastable with respect to the 1st 
crystalline phase, which is formed by either slow 
cooling from the nematic LC phase or isothermal 
crystallization at relatively high temperatures. The 
phase relationships and corresponding transitions are 
illustrated in Figure 2. In the two crystalline phases, 
the RD12 molecular discs are intercalated. This leads 
to speculation that the low-ordered nematic LC phase 
could be biaxial, with the cyanobiphenyl calamitic rod 
director orthogonal to the triphenyl discotic core 
director.  

IsotopicNematic LCCrystalline

Tg=38 121 Ti=130
Temperature (°C)  

Fig. 2. Phase-transition diagram of RD12 molecules. 
 
 

3. Results and discussion 
 

The RD12 molecules are filled into a cell with 
surface treatment of homogenous alignment in 
antiparallel rubbing direction. The cell was first heated 
to I phase, and gradually cooled to 122.7 °C, which is 
in the N LC phase. The cell was observed while 
rotating cell and it clearly showed bright and dark 
state when the rubbing direction makes an angle of 45o 
and 0o with crossed polarizer, respectively. An AC 
voltage (60Hz) was then applied to aligned RD12 
molecules in the bright state and its optical texture 
was observed under polarizing optical microscopy 
(POM; Nikon Eclipse E650 POL) as shown in Figure 
3. Figure 3 shows time resolved texture images 
according to the applied voltage conditions. When a 
voltage is applied from initiate state (0 V) to 2.5 V, 
uniform textures are generated with abnormal slow 
phase transition, taking more than one second and 
even with 5 V applied, molecular collision (we call it 
“intermediate phase resulted from frustration”) is still 
observed, as shown in Figs 3(a) and 3(b). This 
indicates that can not be reoriented easily to be stable 
state. Nevertheless, as the time goes, stable and 
uniform texture is observed finally. However, once a 
certain voltage 2.5 V is applied and the reorientation is 
stabilized, and when voltage of 5 V is applied from 2.5 
V, intermediate phase disappears, as shown in Figure 3 
(c). From this result, we assume that the intermediate 
phase seems to be associated with molecular 
competition during tilting upward. 

The question arises why molecular competition and 
slow phase transition were observed whenever a 
voltage is applied from initial stable state. In the RD12 
molecule, 6 rodlike molecules are connected to core 
disclike molecule. From the LC texture at 0 V in Fig. 
3, one can understand the 6 rodlike molecules are 
homogenously aligned along the rubbing direction. 
And then when a voltage is applied, the rodlike 
molecules in right and left direction will start to tilt 
upward along vertical field direction E by a dielectric 
torque M [12] 
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Fig 3. Time resolved texture image at different electrical voltage conditions; (a) initiate state → 2.5 V, (b) 

initiate state → 5.0 V, (c) 2.5 V → 5.0 V 
 
 

M = |Δε(n⋅E)n × E|            (1) 
 

where Δε is the dielectric anisotropy of LC molecule, 
n is a LC director. Figure 4 illustrates possible 
orientation models of RD12 molecules as a function of 
applied voltage. In the Figure 4(a), the rodlike 
molecules are homogeneously aligned along the 
rubbing direction with certain physical pretilt angle 
(φ) at an initiate state and also core disclike molecule 
lies almost in plane with its optic axis perpendicular to 
the substrate. When a vertical field is applied, two 
dielectric torques M1 and M2 exert on left and right 
part of rodlike molecules, respectively as shown in Fig. 
4(b). At a low field range, both M1 and M2 compete 
each other and thus tilting direction of core disclike 
molecule is not decided yet. With further increasing 
field, the rodlike molecules in the right side are easier 
to tilt upward than that of the left one since the tilting 
of rodlike molecules in the left side will be restricted 
by a flexibility of spacer between rod and disclike 
molecules. As a result, M2 will be larger than M1 and 
this will cause the core disclike molecules to tilt to the 
rubbed direction as shown in Figure 4 (c). Therefore, 
whenever the RD12 molecules start reorientation from 
the initial state along vertical field direction, there will 
be the intermediate phase due to competition between 
M1 and M2. However, once the disclike molecules tilt 
up and the competition between M1 and M2 collapse, 
such intermediate phase disappears and thus the RD12 
molecules can reorient continuously by a coupling 
between field and elastic energy of the LC. Again, if
our modeling is valid enough, such intermediate phase 

φ
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Fig. 4. Possible orientation models of the RD12 
molecule according to applied electric field; 
(a) 0 V (b) 2.5 V (c) 5.0 V 

 
 
should not appear if the RD12 molecules are switched 
to rotate in plane by in-plane electric field. This was 
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confirmed by in-plane switching cells and we did not 
observe any molecular collision during transition from 
homogenously aligned to twisted state. 
 
 

4. Summary 
 

For the first time, we have studied field-dependent 
molecular reorientation of a nematic LC molecule 
chemically linked between rodlike and disclike LC 
molecules using surface treated substrates. The RD12 
LC molecules were homogenously aligned with 
perfect alignment. When a vertical electric field is 
applied, the frustration due to competition between 
rodlike molecules in the left and the right side of the 
core disclike molecules appears. However, once the 
tilting direction of disclike molecules is defined, such 
frustration disappears. This phenomenon was also 
confirmed by in-plane switching cells. From this 
research, we figured out the orientation of RD12 
molecules under the electric field, which makes 
further understand arrangement of rod-disc mesogenic 
LC molecules which assumes to be biaxial LC 
molecules. 
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