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Effect of Molecular Polarity and Conjugated 
System on Antiferroelectricity in AFLC's 

YOSHIICHI SUZUKI"*, SHUNICHI KOIDE~, YOSHIHIKO AIHARA~, 
ICHIRO KAWAMURAa, HITOSHI SUENAGAb and 

TOMOYA KITAZUME' 

'Central Research and Development Laboratory, Showa Shell Sekiyu K.K. 123-1 
Shimokawairi, Atsugi-shi, Kanugawa 243-0206, Japan, bTeikoku Kagaku Sangyo 

K.K., 5-41 Senzo ltami 664-0898, Japan and 'Department of Life Science, Tokyo 
Institute of Technology, Nagatsuta, Campus, Yokohama 2268501, Japan 

Series of pyrimidine and pyridine analogous compounds have been developed in order to 
interpret the relationship between stability of antiferroelectricity and the conjugation along 
the long axis of the molecule. On the appearance of antiferroelectricity, the longitudinal 
polarization of whole molecules promotes to stabilize the antiferroelectricity. 

Kqvwords: antiferroelectricity; Molecular Polarity; Conjugated System 

1. INTRODUCTION 
Antiferroelectric Liquid Crystals (AFLC's) typically reported as 

T F M  HPOBC' have alreadq demonstrated their potential for evloring 
several new phenomena as bell as for apply ing electro-optic devices for 
LCD's. AFLC inaterials shou quite specific properties such as a tristable 
su itching . sharp DC threshold. and double loop h\ steresis. Hence 
cxlensive studies to interpret the appearance of antiferroelectricitj have 
led to understand the correlation betueen the molecular structure of the 

* Correspondence Author. 
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352 YOSHIICHI SUZUKI ei d. 

AFLC molecules and the appearance of SmCA* phase'. However. the 
relationship between molecular structure and physical properties. 
especially stability of antiferroelectricity has not been fully understood 
yet. 

In this study, well desiped liquid crystal materials having pyridine and 
pyrimidine core structure have been synthesized by using fluorine 
containing chiral synthons with a CFj  group directly linked to the chiral 
center. The relationship between phase range and transition temperature of 
antiferroelectric phase and the conjugation along the long axis of the 
molecule was investigated by considering molecular polarity. 

2. EXPERIMENT 
A series of TFM HPDPPmC analogues were synthesized as described 

below (see SCHEME I ) .  4-hydroxybenzoic acid was used as the starting 
materials. I -(trifluoromethy Ijheptyl 4-hydroxybenzoic acid was obtained 
by the react ion of 4-benzy loxy benzoic acid chloride and (Rj-(+)-1- 
trifluoromethy Iheptanol. followed by the deprotection using Pd-carbon 
catalyst in ethanol. Series of compounds were synthesized by the 
esterification of (R)-(+)-1 -(trifluoromethy I) heptyl 4-hydroxybenzoate 

w - TEAKHzCIz 

Scheme-l The synthesih of compounds: 
4'-( I -trifluoromrthylheptyloxy )phenyl3-pl 
4'-decyloxypyrimidinpIphenyl-4-carboxylatr 
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MOLECULAR POLARITY IN AFLC's 353 

and 4-decyloxy-pyrimidinyl phenyl -4'- carboxylic acid chlorides with 
triethylamine in CH2C12. Other series of analogues were also obtained in 
analogy with the synthetic route of series of TFMHPDPPmC analogues. 
Texture and phase transition temperature were determined using a 
polarizing optical microscope in conjunction with a Mettler FPSOHT hot 
s t a g  at a rate of I .O "C /min and RIGAKU TAS-200 differential scanning 
calorimcter. '1.0 evaluate the electrooptical properties, homogeneously 
aligned cells of 2-pm thickness were prepared by rubbing thin polyimide 
films coated on the substrate plates. 

The spontaneous polarization was measured by the triangular wave 
voltage method. The threshold voltage VA~.b and the critical frequency 
defined as the transition frequency from antiferroelectric phase to 

ferroelectric one were obtained from Voltage-Transmission curve 
commonly measured by applying a triangular wave voltage; the crossed 
polarizers were set for parallel or perpendicular to the smectic layer 
direction. 

3. RESULTS AND DISCUSSION 

Series of TFMHPDPmPC analoyues 
Series of TFMHPDPmPC analogues exhibited the phase sequence of 

Iso-SmA-SmCA*. Fluorine-substitution in the core reduced the thermal 
stability and lowered the temperature range of  SmCA* phase as shown in 
FIGURE I .  3-iluoro-substitution in benzoate ring was more dominant in 
the 2-fluoro-substitution over the wide temperature range of SmCA* 
phase. 

Series of TFMHPDPPmC analogues 
In series of TFMHPDPPmC analogues where on11 the position of the 

two nitrogen of the pyrimidine units is changd. the temperature r a n g  of 
SmCA* phase became very narrou and phase sequence changd from Iso- 
SmA-SmCA* to SmCA* by means of the fluoro-substitution as shown in 
FIGURE 2. 
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354 YOSHIICHI SUZUKI rt ri l .  

O Q  CFJ 
A series of TFMHPDPmPC L ~ . H , ~ { ~ E O & -  t H -  C,HII 

Structural Formula I Phase Transition Temperature ("C) I 

FIGURE I Pha5e Seqiicncc and Transition Temperature in a Ferieq ot 
TEMHPDPmPC Pyrimidine analogues 

Structural Formula 

2F-TFMHPDPPmC 

~ ~~ 

Phase Transition Temperature"c) 

FIGURE 7 Phase Sequence and Transition Temperature in a series 01 
TFMHPDPPmC Pyrimidine analogue\. 

Thus, fluorine-substitution in the core structure resulted in the lower 
thermal stability of SmCA* phase and the position of nitrogen in 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

41
 1

6 
A

ug
us

t 2
01

2 



MOLECULAR POLARITY IN AFLC's 355 

pyrirnidinc ring in the core structure was supposed as an important factor 
to appear SmCA* phase. 

; 
Fluoro-substitution in the phenyl directly connected with pyrimidine 

ring loweded the thermal stability of the liquid-crystalline phase compared 
with TFMHPDPmPC as indicated in FIGURE 3. Furthermore, in case of 
substitution of hydrogen by fluorine in the phenyl of benzoate, the 
temperature range of SmCA* in 2F-TFMHPOPm2FPC became very 
narrow about 7 "C in comparison with corresponding 3F-substituent. 
Therefore, 3-fluoro-substituent in TFM HPOPm2FPC predominated over 
2-fluoro-substituent as a result of enhancing the molecular polarity of 
AFLC's. 

2F-TFMHPOPmZFPC 
0 F 0 CF, 

FIGURE 3 Phase Sequence and Transltlon Tempcrature In a senes of 
TFMHPOPm2FPC Pyrimidine analogues. 

Series of TFMHPnPPrC analogues 
Introduction of pyridine ring in the core structure was no effect on 

liquid crystalline properties intensively in comparison with a series of 
TFMHPDPPmC analogues as shown in FIGURE 4. 
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356 YOSHIICHI SUZUKI etal .  

It was considered that the effect of the excluded volume based on pyridine 
ring on the stability of antiferroelectric SmCA* phase would affect less 
than that of pyrimidine ring. The substituent effect of fluorine in the core 
structure occurred in a similar manner as describe the previous section. 

FIGURE 4 Phase Sequence and Transition Temperature in a serics of 
T F M H P D P M  Pyridine analogues. 

The relationship between threshold voltage and spontaneous 
polarization 

We had already proposed that the magnitude of spontaneous 
polarization (Ps), closely related to the polarization of chiral part, was one 
of the significant factors for the appearance of the antiferroele~tricity~. 
Also, some of the important interactions among intersmectic layers has 
been reported; a pairing model4 based on the transverse pairing o f  the 
dipole moments located in the chiral alkyl and Px model': spontaneous 
polarization exist in thc vicinity of layer boundary parallel to the tilt plane. 

Based on those concepts, the contribution of Ps, which indicated the 
longitudinal polarization of AFLC molecule, to stabilizing the antiferro- 
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MOLECULAR POLARITY IN AFLC's 357 

electricity was investigted. The spontaneous polarization was plotted 
against threshold voltage VAF., as shown in FIGlJRE 5. 

0 10  2 0  3 0  4 0  5 0  
Threshold Voltage 

A or TFI IHPOP~PC 

A series of TFMHPDPPC 
Pjrimidi F e rr, ZF-TFhlHPDPPrC 

3F-TFMHPDPPrC 
ct p-&)- y*b cbH,  3 3F-TFhlHPDJFPPti 

FIGURE 5 Correlation of spontaneous polarization with 
threshold voltape VAF-F:measured hy the triangular 
wave voltage methods. The frequency was IOH7 and 
the amplitude was f50b. 

It was found that the magnitude of spontaneous polarization 
proportionally correlated threshold voltage VAb.F. Furthermore SmCA* 
phase was rather stabilized in 3- or 2.3-lluoro-substituent than in 2- 
fluoro-substituent because of the fact the higher voltage indicates more 
stable SmCA* phase. This fact implies that incorporation of the fluorine 
into the core controlled the longitudinal polarization o f t h e  AFLC molecule 
and that lluoro-substitution functioned to intensify the molecular 
polarization along the long axis of the AFLC molecule. which resulted in 
producing the more stable antiferroelectric SmCA* phase. 
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358 YOSHIICHI SUZUKI et a/ .  

Critical freaucncy and threshold voltage 
In the switching process of the field-induced antiferroelectric 

-ferroelectric phase transition, the critical frequency and VAI..I were 

presumed to  be proportional to the stability o f t h e  SmCA* phase: i.e. the 
higher critical frequency and largr  VAI. ,  the AFLC has. the more stable 
SmCA* phase appeared. In FIGURE 6. the critical frequency was plotted 
against V,4r.r- in order to investigate the stabilit) o f t h e  SmC'A* phase. The 
critical frequency showed proportional co- relation u ith the threshold 
voltage V.,I..,. that is. the critical frequency increased in the order of 3- or 
3.3-tluoro-substituent and 2-tluoro- substituent. The fluorine substitution 
i n  the core part such as 3-fluoro substituent. enhanced the polarization of 
the long axis 01' the nioleculc. which results in the strong stabilization of 
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MOLECULAR POLARITY IN AFLC’s 359 

antiferroelectric SmCA* phase based on the increase in the critical 
frequency. To the contrary. 2-substituent depressed the longitudinal 
polarization which results in suppressing the stability of’ thc SmCA* 
phase. 

4. CONCLUSIONS 
In the series of each pyrimidine and pyridine analogues. the molecular 

design by introducing the fluorine into the core part was performed in 
ordcr to investigate the factor of stabilizing antiferroelectric SmCA* phase. 
Each pyrimidine and pyridine core structure which had the dipole moment 
of nitrogen was appropriate to  form the antiferroelectric molecular ordering 
in the case of enhancing the molecular polarity. Moreover. fluorine 
substitution t o  phenyl ring stabilized antiferroelectricity in the case of the 
molecular polarity was intensified by the dipole moment of C-F bonding. 

In summary. we proposed the longitudinal polarization of whole 
molecule, based on the conjugation between chiral part and core structure 
along the long axis of the molecule, promoted to  the antiferroelectric 
stability ( see FIGURE 7 ). 

Dominant structure - 
Direction of the molecular polarity 

unfavorable struelure 
\ U  - 

Direction of the molecular polarity 

FlGlJRE 7 Tentative representation of the the longitudinal polarization 
in AFLC’s having pyrimidine core structure. 
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