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Effects of Conformation of Diastereomer 
Liquid Crystals on the Preference of 

Antiferroelectricity 

ICHIRO KOBAYASHI”, SHICEHARU HASHIMOTOa, 

TATSUYA IMASE’, MASAHIRO TERADAb and KOICHI MIKAMIb 
YOSHIICHI SUZUKI~, TOMOKO YAJIMA~, SUSUMU KAWAUCHI~, 

aShowa Shell Sekiyu K.K., Central Research Laboratory, Shimokawairi 123-1, 
Atsugi-shi, Kanagawu 243-0206, Japan and bDepartment of Chemical Engineer- 

Meguro-ku, Tokyo 152-8552, Japan 
ing, Fuculty of Engineering, Tokyo Institute of Technology, 0-okayama, 

We have already synthesized a new type of antiferroelectric liquid crystals (AFLCs) with 
double stereogenic centers, P-methyl-substituted TFMHPOBC(4-( l-trifluoromethyl-hepty- 
1oxycarhonyl)phenyl 4’-octyloxybiphenyl-4-carboxylate) and its analogues, based on a-trif- 
luoromethyl-P-methylcarbinol, and its conformational effects on the antiferr~electricity[’-~’. 
Now we report another new type of AFLC and ferroelectric liquid crystals (FLC) with double 
stereogenic centers bearing P-trifluoromethylcarbinol. which can be regarded as a p-trifluor- 
omethyl-substituted MHPOBC(4-(methylheptyloxycarbonyl)phenyl 4’-octyloxybiphe- 
nyl-4-carboxylate) analogue, and examined its properties such as the phase transition. From 
these results and ab initio calculations using Gaussian 94 program, we conclude that their 
conformations strongly affect their preference of antiferroelectricity and that the bend-like 
structure is more essential for the appearance of antiferroelectricity, than the extended-like 
one. 

Keywords: antiferroelectricity ; ferroelectricity; conformation; diastereomer; AFLC 
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I32 ICHIRO KOBAYASHI et al. 

INTRODUCTION 

Since the d i u w e r y  of AFLCs, ;I lot of studies have hccn performed from the 

standpoints of not only  scientific interests hut also technological applicLitions 

to electro-optic dcvicca, and now AFLC display attracts much interest as one 

of the alternative of CRT display hccauw of its wide view angle and short 

response t i  me. 

In  ternis ol' scientific interests, MHPOBC and TFMHPOBC have been 

regarded as two representatives of AFLCs. In  order t o  clarify the 

characteristic properties of those compounds. dielectric measurement.;. 

electru-optic iiieiisurenients. conoscopic observation, circular dichromiam 

iiieasureinents, texture ohservat ion, X-ray diffraction analy~isl".'.~I, infrared 

spectroscopy, Rarnan scattering nieiisuremcnts and adiabatic calorimetry 

measurement have heen carried out. In spite of those experiments, it  has not 

been clearly understood yet the relationship between molecular chirality and 

the antifcrroelectric properties such as the phase transition and the 

spontaneous polarization in the chiral part of molccules. 

In  order to investigate the conformational arrangement of chiral alkyl 

termini requisite for AFLC properties, we designed and synthesized sonit: 

diastereonier LC molecules with two stereogenic centers, a-trifluoroniethyl- 

p-methyl aryl esters on the bases of the lluoral-ene reaction 1')~ 1°1 and reported 

their diastereonieric and enantiomcric effects on the anti~crroelectricityl l -s] .  

In order to make further investigation into the relationship between 

niolecular chirality and the antiferroelectric properties, we designed and 

synthesized another new type o f  diastereonier LC molecules with two 

stereogenic centers hearing p-tri tluoromethylcarhinol, 

In this report. the relationship between conforniational ai+angcnient o f  LC 

molecules and the antiferroclectric properties such ;is the antiferroelectricitv 
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EFFECTS OF CONFORMATION ON AF 133 

(SmCA*) and the spontaneous polarization was d i m m e d .  

PREPARATION OF LC MOLECIJLES r-6 

Chemical Structure and Structural Forniula of LC Molecules 1-6 

The relationship between conformational arrangement and the antiferroelectric 

properties were investigated o n  diastereomer LC compounds &(R,, Sd and 

LC 3 (R,,Rp, which are P-trifluoromethyl-substituted MHPOBC 

(MHPOBC-8-7) LCs. and 1-C 5 (R,.RP) and LC 6 (R,.Sd, which are p- 
methyl-suhst i t uted TFM HPOBC (TFMHPOBC-8-7 ) LCs. 

We also used LC compound j- as a MHPOBC analogue (MHPOBC-8-7) 

and LC compound 5 ;IS ;I TFMHPOBC analogue (TFMHPOBC-8-7) to 

cornpare the antiferroelectric properties of compounds 2.3 and 3,6, 
respectively. The chemical striictiires and structural formulae of chiral alkyl 

termini of LC compounds 1-6 are shown in Figure 1 

FlGlJRE 1 Cheinicd \tructure and 4tructural formula of LC compounds 1-6 
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134 ICHIRO KOBAYASHI C t  a/. 

RELATIONSHIP BETWEEN CONFORMATIONAL ARRANGEMENT OF 
LC MOLECULES 1-6 AND THEIR ANTIFERROELECTRIC 
PROPERTIES 

Relationship between conformation of LC molecule and its phase transition 

Phase transition temperatures o f 2  (R,,Sp). 3 (R,,R@ and I (MHPOBC-8-7) 

are shown in Figure 2 along with those of 5 (R,,R 6 (R,,SP) and 4 P .  - 
(TFMHPOBC-8-7). 

Phase transition temperatures were determined by the niicroscopic 

observations of the textures and the electro-optic response by using anti- 

parallel rubbing cell with a gap, about 2 pms and as an alignment film 

polyimide was used. 

MHPOBC- TFMHPOBC- 

1 2 3 4 5 6 
LC molecule 

s u  n 

FIGURE 2 Phase transition temperatures of 1-5 on heating run. 

_ _  1-3: P-Trifiuoromethyl-substituted LCs (2,a had lower transition 

temperatures than MHPOBC-8-7 (1, and only R,,Rp (L) showed SmCA . 

5-6: P-Methyl-substitute~i AFLCs (2.6) had also lower transition 

temperatures than TFMHPOBC-8-7 (3 and SmC* was injected only in 

R,,Rp (5) a n d  R,,Sp (6J s h o w e d  the  wides t  

.K 
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EFFECTS OF CONFORMATION ON AF 
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tetnperature range of SmCA* phase. 

These results suggest that both P-trifluoromethyl- and P-methyl- 

substitution of LCs with single stereogenic center could lower their transition 
temperatures. And their molecular structures strictly affected their appearance 

of SmCA*, that is in  p-tritluoromethyl-substituted LCs R,,RP was superior 

for the appearance of SmCA*, but in P-methyl-substituted LCs R,,Sp was 

superior for that. 

Relationship between conformation of LC molecule and its spontaneous 

polarization 
The magnitudes of spontaneous polarization of LC molecule 1-6 are shown in 

Figure 3. Their magnitudes were measured using Sawyer Tower circuits 
( 1  00 Hz) for the cell described above. 

For I-2, P-trifluoromethyl-substituted LCs had higher magnitudes than 

MHPOBC-8-7 (L) and R,, Sp (2J had the highest one among them. For 3-6, 
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I36 ICHIRO KORAYASHI rt cil. 

P-methyl-substituted AFLCs had also higher magnitudes than TFMHPOBC- 

8-7 (5) and R,, .RB (5)  had the highest one aniong them. 

These resu l ts  siipge\t that hotli ~-trif luorornethyl--  and P-methyl- 

substitution o f  LCs with \inglc stercopcnic center could riae their niiignitudes 

of spontaneoiis polariziition and their molecular structures could surely affect 

them. 

Relationship hetween conformarion o f  LC molecules and their All irr ir io  
calculations 
A h  ir i ir io  (Rf-iE'/6-3 IG*:) calculations on chiral alkyl termini were carried 

(&'. and their results were deacribed in T h l c  I 

TABLE I Ah iri i i io calculation\ on chiral alkyl ternuni of' L-6 
r I. 

k n d  

(kcal/nlol) 

extended- 

(kcal/mol) 

-1ilc -0.84 -0.34 - I  .96 - 1 .  I S  -0.24 -0.62 

I l k *  0 0 0 0 0 0 

~~ ~~~~~~ 

*To clarify the energy difference between bend-like and extended-like 
structure. the energy of  extended-like one was regarded as 0.  

Among I-3. R,,R ( 3 ) .  which only \bowed SinCA*. is the iiiost likely 

to Inkc hend-like conformation. In addition. aniong 5-h. R,.R8 (5). which 

only appeared SmC . is the most prcfcrahlc to take extended-like 

con formation 

8 -  

4: 

These results supported that i n  both P-suhatitutions. bend-like structure 

could he supei-ior to extentled onc for thc appearance o f  SmCA*. 
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EFFECTS OF CONFORMATION ON AF 137 

CONCLUSION 

From above results. we concluded a h  follows: 

I ) Either of' P-trilluoromethyl- o r  S-methyl-suhstittition of LCs with \in$ 

stereogenic center could lower its phase tran4ition temperature, and rise 

magnitude of spontaneous polarization. 

2 )  Structural formula of chiral alkyl terinini. that is R,,R13 or R,,SB. could 

greatly affect not o n l y  the appearance of' SniCA' but also the magnitude o f  

spontaneous polariration. This could be the con formational effects on the 

phase transition and spontaneous polarization 

3) In these diastereonier LCs. bend-like struciure could be more essential for  

the preference of SniCAb than the extended-like one 
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