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ESTIMATING DIELECTRIC ANISOTROPY OF LIQUID CRYSTAL 
c o m o u N D s  

GOROH SAITOH, MASAHARU SATOH and ETSUO HASEGAWA 
Functional Devices Res. Labs., NEC Corporation, Kanagawa, 2 16, Japan 

Abstract An applications of the molecular orbital (MO) calculation and 
Maeir-Meier theory to liquid crystal compounds are investigated for estimating 
dielectric anisotropy (AE). The method involves calculating the parameters on 
MO calculation and substituting these values into Maeir-Meier theory. These 
calculations are repeated until the calculated A& saturates. The estimated A& 
agree closely with those obtained experimentally for liquid crystal compounds 
with various skeletons and polarized groups. 

INTRODUCTION 

The liquid crystal (LC) compounds should meet many requirements, such as 
low threshold voltage, quick response time and large operational temperature range. 
To achieve a low threshold voltage, it is necessary to select the LC compounds with 
large dielectric anisotropy (AE). Recently, Bremer et a].' estimated the A& from 
molecular orbital (MO) calculation and the Maier-Meier theory without applying the 
anisotropy of polarizability. The results showed the significant discrepancy in A& 
between the calculated value and experimentally measured one. Moreover, the 
difference varies widely from each compounds. In this paper, we report a improved 
method for the A& calculation based on the MO calculation and Maier-Meier theory. 

METHOD 

Figure 1 shows the chemical structures for the LC compounds used in this 
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The selected compounds covers almost all skeletons and polarized groups 

Y 

L 

14) R: C4H9 X: F 
15) R: C2H5 X: OCH3 
16) R: C J H I ~  X: OCF3 

10) R: C3Hs 11) R: CjHii 18) 

Figure 1. Chemical structures for the liquid crystal compounds 

The estimation of AE involves the calculation of the parameters on MO 
method, and substituting these values into the Maeir-Meier equations. Namely, the 
initial E was supposed from Lorentz-Lorentz equation, and then E , ,  ,El and AE were 
calculated with Maeir-Meier equations using the initial E. Next, with using the 
obtained E, the calculations of Maeir-Meier equations were repeated until A& 
saturates. The Maeir-Meier equations2” are given by 

Fp’(1- 3cos2 ,8) 
2K,T 

A & = -  
&U 
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ESTIMATING DIELECTRIC ANISOTROPY OF LC 

Fp2 (1 - (1 - 3cos2 p)S) 
Ell = I+- 

EO ~ K E T  

Fpz (1 + OS(1- 3 COS* p ) S )  

EO ~ K B T  

where 

4 
- f l u 3  = 1, 
3 

3& 
2 & + 1 ’  

h = -  (7) 

where N is the molecular number per unit volume, p is the dipole moment, Kg is the 
Bolzman constant, EO is the dielectric constant for vacuum, Act is the anisotropy of 
polarizability, p is the angle between p and the main axis of polarizability, S is the 
order parameter of LC. The Lorentz-Lorenz Equation is given by 

3EO( & - 1) 
a =  

N ( E + ~ )  

In the course of our calculations, the density and S were chosen to be 1 .Ox lo3 kg/m3 
and 0.7, respectively. Aa, p and p were obtained by MO calculation using the AM1 
method4, which was performed with MOPAC ~ e r . 6 . 0 3 . ~  The geometies of the basic 
component of LC were assumed as follows: (a) Phenylcyclohexane takes a most 
stable geometry, in which phenyl ring is parallel to the iso-hydrogen atom of 
cyclohexane ring6. @I) For phenybenzoate skeleton and biphenyl moiety, only the 
dihedral angles of phenyl rings are optimized. (c) The carbon of OCHI, OC2H5 or 
OCF3 group and phenyl ring are placed on the same plane. 
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RESULTS AND DISCUSSION 

Table 1 summarizes the calculated parameters and experimental AE, Figure 
2 shows the relationship between the calculated and experimental values for A&. 
The calculated A& values agree closely with those obtained experimentally, with the 
correlation coefficient of 0.99. The calculated AE values for liquid crystal 
compounds are slightly smaller than the experimental values. It should be 
originated from the inaccuracy of MO calculation. Indeed, the calculated p is 
smaller than the experimental value (ex. pcaI.=3.44 and pexp.=4.18 for 
cyanobenzene, pcal.=l.5 1 and mexp.=l.60 for fluorobenzene).” 

TABLE 1 Calculated parameters and experimental As  values for LC compounds 

Compound Aa(A3) p(D) P(deg.) A& cal. AE exp. 
3.9 0.8. 
3.9 
2.6 
2.5 
2.1 
3.1 

1.3 
4.8 
5.4 
5.3 
5.3 
4.8 
3.9 
2.4 
1.2 
2.5 
7.0 
7.5 

5.0 
4.7 
0.6 
5.9 
4.3 

78.4 
8.4 
4.7 
17.0 
11.4 
3.7 
84.2 
3.9 

80.5 
3.3 

20.0 
18.4 

16.8 21.1’’ 
14.6 18.0” 
4.6 7.1” 
4.0 5.6l’ 
3.4 3.27’ 
6.6 10.9’’ 
10.4 -0.57’ 

21.4 22.0” 
26.0 30.0’’ 
15.0 16.7l’ 
15.0 15.0’’ 
13.3 16.3” 
-4.8 -4.1*’ 
6.4 9.g9’ 

0.3 1.6” 
4.9 lo.o’o’ 
44.9 53.7” 
37.9 37.5” 
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6or------ 
[557]/17 

3 

Experimental value 

FIGURE 2 Calculated AS versus experimental AS 

Although the compound (18) consist of compound (17) with chemical 
similarity, both of the experimental and estimated Ae values of compound (1 8) are 
extremely smaller than those of compound (17). The small N in compound (18) 
should be the reason for the small AS. It indicates that the molecular weight affects 
the A&. On the other hand, there observed little discrepancy between the calculated 
AS values and the experimental values for the tolane compounds (15) and (16) with 
the OCF3 or OCH3 group. It is may be due to complex effect of the tolane skeleton 
and OCH3 or O C S  groups. Table 2 summarizes the results of the another 
(perpendicular) confomer having the carbon of OCH3 or OCF3 group placed on the 
perpendicular plane to the phenyl ring. 

TABLE 2 Calculation results for the perpendicular confomer 

Compound Aa(A3) v@) P(deg.) AE cal. AS exp. 

(14) 28.7 1.8 54.0 1.1 1.6 

(15) 31.5 3.2 3.5 8.0 10.0 
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The estimated A& values for perpendicular confomer of compounds (1 5) and 
(16) agree with the experimental values. As the compounds with tolane skeleton and 
alkoxy derivatives have large x conjugation and lone electrons, the p and p for 
perpendicular confomers are different fiom those for the parallel (same plane) ones. For 
the compounds having large x conjugation and lone electrons, it should be examine the 
several possible confomers for A& calculation. 

CONCLUSION 

An improved method of estimating dielectric anisotropy (AE) for liquid crystal 
compounds is developed. The estimated AE agree closely with those obtained 
experimentally for various liquid crystal compounds. Some confomers are considered 
for estimating A& on the compounds having large x conjugation and lone electrons. 
The estimating method is useful for molecular design for liquid crystal compounds. 
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