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4'-n-pentyl-4-cyano-biphenyl (5CB)+
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§Chisso Corporation, Marunouchi 2-7-3, Chiyoda-ku, Tokyo 100-8333, Japan

(Received 28 December 1998, accepted 26 March 1999)

Using the quantum chemical methods ab initio (B3LYP/6-31 G(D)) and the semi-empirical
MOPAC/AML], the dipoles and their angle with the molecular long axis and the polarizabilities
and their anisotropies, have been calculated for different conformers of SCB. On the basis of
these data the dielectric constants and refractive indices and their anisotropies have been
calculated, using the Maier—Meier theory. The poor agreement with experimental data could
be improved by use of effective dipoles taking account of Kirkwood’s g factors, calculated
with the theory of Dunmur—Palffy-Muhoray. By calculation of the dispersion of the refractive
indices the agreement with the experimental data has been improved. We recommend a
procedure for the prediction of dielectric and optical data for nematic compounds, useful for
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Calculation of molecular, dielectric and optical properties of

practical application.

1. Introduction

The synthesis of new liquid crystalline compounds
is still an important topic for the applications of liquid
crystals in displays. The prediction of the physical
properties of the compounds, without performing experi-
ments, could save a considerable amount of the man-
power and materials needed for the synthesis of new
compounds. Among the most important properties of
liquid crystals are their dielectric constants and optical
refractive indices and their anisotropies. There have been
some attempts to calculate these properties. Bremer and
Tarumi [ 1] found a correlation between dipole moments
and Ag, as well as between polarizabilities and An, with
dipoles and polarizabilities calculated by semi-empirical
quantum chemical calculations. The observed scattering
in the correlations was believed to be due to the limits
of the semi-empirical method. Saitoh ez al. [2] tried to
improve these data, by applying the Maier—Meier theory.

Klasen er al. [3] used the well-known theories of
Vuks and Maier-Meier in order to calculate the optical
and dielectric anisotropies of nematics. They obtained
the necessary data for dipoles, polarizabilities and their
anisotropies from semi-empirical quantum chemical
calculations; they set the density of the materials equal
to one, and the order parameter equal to 0.7 at room
temperature (293 K). Despite these approximations, the

* Author for correspondence.
tPresented at the Capri Conference held in honour of
George W. Gray, FRS, September 1996.

agreement between calculated data and experimental
data (obtained from extrapolation from 10% solutions
of the compounds in a common basic mixture) was very
satisfying.

Fujita er al. [4] used a similar approach to that
of Klasen, but they used molecule-specific densities in
relation to molar volumes obtained from a group con-
tribution method, and individual order parameters
evaluated from an empirical relation between clearing
temperature and order parameter at room temperature.
In the case of compounds with moderate polarity, the
agreement of calculated and experimental data was good,
but in compounds possessing large dipoles there were
systematic differences. Setting the reactive field factors
F in the dipole term of the Maier-Meier equations F=1,
the agreement however became quite satisfying. This
points to the important role of association in the polar
compounds and the necessity of using effective dipoles
for the calculations instead of the dipoles of the free
molecules; however it is not satisfying from the theoretical
standpoint.

In order to elucidate the role of the data obtained from
quantum chemical calculations for the purpose explained
above, we have used different quantum chemical methods.
Further we have studied the influence of the different
conformations existing in real liquid crystalline com-
pounds, and the possibilities for calculating effective
dipoles. Finally, for the calculation of the optical pro-
perties we investigated the role of the dispersion of the
polarizabilities and their anisotropies. All calculations
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were performed for a temperature of 25°C. Most com-
pounds are not nematic at this temperature, and only
extrapolated data would be available for comparison.
Among the few materials which are nematic at room
temperature, we chose 4'-n-pentyl-4-cyanobiphenyl (5CB),
because for this compound reliable experimental data
are available in the literature. Also it belongs to the
homologous series of the 4'-n-alkyl-4-cyanobiphenyls,
one of the most important substance classes for practical
applications, first synthesized by Gray et al. in 1973 [ 5].

2. Theory of dielectric properties
Onsager developed the equation (1) for the dielectric
constant ¢ of isotropic media [6]

e=1+ WNhF/g)la,, + Fii* [(3ky T)] (1)
where

N =N, /V, =number density

(number of molecules per volume unit). (2)

Here N, =6.02205 X 10** mol-', the Avogadro constant;
v, =molar volume; i =3g2s+ 1, a correction factor
for the internal field; F =(1— fa)~', a correction factor
for the reactive field; f=(e— 1)[2mg5a*(2e+1)]";
a,, = average polarizability of a molecule; g = 8.854 x
10-2J-' C m-!, the dielectric constant of a vacuum;
u = electric dipole moment; k, = 1.38066 x 10-** J K-,
the Boltzmann constant; 7= Kelvin temperature; a = radius
of the spherical cavity. For calculating a, we use Onsager’s
approximation: 4/3mVa® = 1.

Maier and Meier [ 6] derived formulae for the dielectric
constants of nematics:

g =1+ (NhFl&){a,, +2/3AaP,

+ F(12 [3ky T)[ 1 — (1 — 3 cos® B)P, 1} (3)
& =1+ (NhFlg){a,, — 1/3AaP,

+ F(12 3k, T)[1+1/2(1 — 3 cos® B)P,1} (4)

where Aa=oj— oy, Ae=g— 5, B=angle between
molecular long axis and dipole moment, and P, = order
parameter of the nematic.

In equations (3) and (4) the quantities o,,, Aa, u and
B can be calculated using quantum chemical methods.
The molar volume needed for calculation of the number
density N can be approximated using the group contri-
bution method of Fedors [7]. The order parameter P,
may be taken from an empirical relation between clear-
ing temperature and P, at room temperature [4]. For
calculation of the refractive indices we have set u=0 in
equations (1, 3, 4), and we have used the approximation
eE=n".

3. Calculation of dielectric and optical data
For calculation of the molecular data «,,, Ao, u and
B, we used ab initio calculations (B3LYP/6-31 G(D))
[8] as well as semi-empirical methods (MOPAC [9]
with AM1 Hamiltonian).

It is well known that molecules like SCB possess a
certain flexibility, and the molecule can exist in several
conformations. We investigated the conformers of SCB
systematically by the following procedure. The first
thorough conformational study of all-zrans-pentylbenzene,
regarding the stereochemical relation between the pentyl
group and the phenyl ring, was made using ab initio
RHEF/6-31G(D). There are two conformers: one is the
only predominant conformer in which the all-zrans-pentyl
group extends out of the plane of the phenyl perpen-
dicularly, the other one is much less stable (population
about 1%6) in which the all-trans-pentyl group lies in-plane
with the phenyl ring. Gauche-containing conformers of
pentylbenzene were then examined. Four conformers
were found to be retained for consideration. Using these
four conformations of n-pentylbenzene, four starting
conformations of SCB were constructed by the internal
coordinates method, and all the structural parameters
were optimized by the ab initio B3LYP/6-31G(D)
method and MOPAC/AM1 method.

From these calculations, the most stable form of the
biphenyl core proved to be that with a twist angle of
40.2° (MOPAC/AM1) or 44.1° (ab initio) between the
two phenyl rings (table 1). This is near to the angle of
37.6° obtained by an internal coordinate Monte Carlo
approach [10]. Clark ez al. [11] obtained a twist angle
of 34° by ab initio calculations, but they did not indicate
their method in detail. By X-ray investigation of the
solid state, an angle of 26.3° has been found [12]. It
seems that the solid crystals environment has a sub-
stantial influence on these twist angles, since they are:
about 1° in 2CB, 42.8° in 3CB and 40.5° in 4CB [12].
In 9CB in the same crystal structure, molecules with
different conformations have been found in which the
twist angles are 35.97° down to 29.83° [ 17]. This proves
that comparison of the nematic with the solid state can
be difficult. The chosen twist angle of 90° between the
phenyl ring and the bond between carbons 1 and 2 of
the pentyl chain is in good agreement with 89.9° found
by Wilson [10].

The four conformers obtained by the calculations
are displayed in figure 1. As expected, the all-rrans (tt)
conformer is most stable, followed by rgr=trg< gtt.
This is similar to the results of Wilson [ 10], calculated
for the gas phase with an additional nematic mean field.
Table 1 presents the molecular data obtained by different
quantum chemical methods, considering the 4 conformers
mentioned and their averages.
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5CB ttt

SCB gtt

SCB tgt

SCB ttg

Figure 1. The most stable conformations of 5CB calculated
by MOPAC/AMI.

3.1. Conformers
The data in table 1 show, that the calculated properties
a,., Aa, 1 and B are not very different for the different
conformers. The differences between the ab initio results
(columns 1-5) and the AMI results (columns 6-10) are
much larger than those between the different conformers,
using the same quantum chemical method. The average
data are not very different from those. Thus, for appli-
cational purposes it is time saving and sufficient to use

the data of the all-¢rans conformer.

3.2. Polarizability data (table 1, lines 2, 3)

Line 2 of table 1 shows the average polarizability o,, .
Generally, the data of the ab initio calculation are higher
than those of the MOPAC AMI method. The latter
data have been calculated for a static electric field. Using
alternating fields of high frequency, corresponding to
the energy of visible light, the polarizabilities are substan-
tially higher. This effect will be treated separately below.
Compared with the experimental value (column 12), all
calculated data are too small. Looking at the anisotropy

of the polarizability A« (line 3), the data show slightly
higher scattering. The experimental data found in the
literature are very different (not listed here); therefore
any comparison is difficult.

3.3. Dipoles (table 1, line 4)

The dipoles u are given in line 4 of table 1. Using the
ab initio method, the dipoles (columns 1-5) are much
larger than the experimental dipole (column 12, value
obtained from diluted solutions of SCB). The dipoles
obtained by MOPAC AMI1 (columns 6-10) are smaller
than the experimental value, but nearer to it than the
ab initio data. In general, we find that using the calculated
dipoles, in every case the calculated dielectric constants
are too large. Instead of the dipoles, we have to use
effective dipoles u,,,. The problem of effective dipoles
will be treated separately below.

In [4] we used an empirical procedure to obtain
better agreement between the calculated dielectric data
and the experimental data. We simply set the reactive
field factor F=1 in the dipole terms of equations
(1,3,4). As comparison of columns 11 and 12 shows, in
fact the agreement is good. However, due to the lack of
any theoretical background to this procedure, it is not
satisfying.

34. Angle B of the dipole with the molecular long axis
(table 1, lines 5, 6)

This angle is somewhat variable depending on the
calculation method and the conformer considered. But
the differences are not important, because the factor »
(line 6), which occurs in the equations (3,4) does not
show any substantial scattering.

3.5. Dielectric constants (table 1, lines 7—-10)

Here we find large differences, which are displayed in
figure 2. They are not due to different conformers, but
the ab initio method generally delivers much larger
values than the MOPAC AMI1 method, which are far
from reality. Clearly this is due to the different calculated
dipoles. Because the dipoles appear in equations (1, 3, 4)
as squares, they are the most critical part. The empirical
method with F =1 in the dipole terms provides good
agreement between calculated and experimental data,
and this has been confirmed for several highly polar
compounds [4, 18].

The scattering of the dielectric data (indicated by
error bars, defined by the lowest and the highest value)
due to the scattering of the input data in equations
(1,3,4) is displayed in figure 3. The dominant influence
of the dipole scattering is already visible.
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Figure 2. Dielectric data for SCB, calculated with the Maier—
Meier equations (1, 3,4), using molecular data from
ab initio and MOPAC/AMI calculations. 11: calculated
using equations (1, 3, 4) with the factor F = 1 in the dipole
terms; 12: Experimental data from [ 14].
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Figure 3. The influence of the scattering & of the molecular
data on the scattering of the dielectric data for 5SCB,
indicated by error bars.

3.6. Optical constants (table 1, lines 11-16)

In lines 11-13 the dielectric constants obtained from
equations (1, 3, 4) with the condition u = 0 are compiled.
In general (except for values based on ab initio data,
columns 2, 3, 5 in table 1), it seems that the calculated
refractive indices and the birefringence are too small,
compared with experimental data (see figure 4). This is
mainly due to the calculated polarizabilities and their
anisotropies, which are smaller than the experimental data.
An improvement is to be expected using polarizabilities
calculated by AMI at higher frequencies (see section
below). Figures 5(a) and 5(b) display the influence of
the scattering of the input data on the calculated optical
constants. We can see that o and «; dominate the
scattering of n, and n,, and that A« and P, control the
scattering of the An data.

2.0
n e—o—"% o
1.5 neB e e E N 9//,/{3 - ‘5‘\\\& '''' DA
o s R ) £ £
1-5 : ab initio 7-11 : AM1
1.0
6: exp.
0.5
ANv—+ T g P g g gy

1234567891011
Figure4. Optical data for SCB, calculated on the basis of
molecular data obtained by ab initio and MOPAC/AMI

calculations, in comparison with experimental data from
[14].
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Figure 5. The influence of the scattering & of the molecular
data on the scattering of the optical data of SCB, indicated
by error bars: (@) n, and n,; (b) An.



19: 05 25 January 2011

Downl oaded At:

1262 D. Demus and T. Inukai

2.5
ne
2.0 °\\\/
;__'D"\"\‘O:l‘;“;-;ﬂ_—b-:uﬂ ----- P O-=--wenne o]
e gD O T T O ©
1.5 TY‘\OEL—__D_O__D___OE_.___S ————— o
s o
o
1.0
05 An
0\\\
o- -|:1.__:.QET_T_T.TET:Q_‘_:D—_T_T_Og::r_—__—_.@ ————— o
0
450 600 750 900
7/nm

Figure 6. Optical dispersion of 5CB. Circles: calculated;
squares: experimental data from [23].

In the literature, an additional factor (considering
the relaxation of the contribution of the atomic nuclei)
in equation 5 is sometimes [19] used: = 1.052*>. We
checked the use of this factor, but it does not deliver
substantial improvements in the calculated results.

4. Effective dipoles and correlation factors

It is known that the experimental dipoles of isolated
molecules (obtained from diluted solutions or from the
gas phase), as well as the dipoles calculated by quantum
chemical methods, deliver too high dielectric constants
on inserting the dipoles in equations (1, 3, 4). Instead
of the dipoles, we have to use effective dipoles u,;,. In
molecules possessing strong longitudinal dipoles, they
are usually smaller than the dipoles, of the free molecules,
due to formation of a considerable degree of association.
In the literature this fact is taken account of by the
Kirkwood correlation factor

g = (e /1) (6)

For g, the following relations hold: dimers with parallel
dipoles, g> 1; dimers with antiparallel dipoles, g< 1;
no association, g=1. In our example, 5CB, the g
factors are different from the different experimental [16 ]
dielectric constants. Derived from g, &, &,,, As (related
to the experimental u=4.76 D) we obtain: g, = 0.644,
g1 =0621, g,, = 0466, g, = 0.622.

When experimental data are available, it is easy to
estimate the g factors. A major problem is the calcu-
lation of g factors without using experimental data. In
the literature only one theoretical approach has been
found, which seemed to be practicable (Dunmur, Palffy-
Muhoray [20]). The idea of the theory is to calculate
the interaction of a molecular dipole with the dipole of
a sphere of nearest neighbours, in an anisotropic state.

The interaction is order parameter dependent. The uni-
axial molecules have ellipsoidal shape with length L and
breadth B, while the dipole is parallel to L. Then different
g factors parallel and perpendicular to the symmetry
axis depend on the prolate (elongated ) or oblate (discotic)
shape of the molecules.

For the case of the molecular dipole parallel to the
symmetry axis of the uniaxial molecules, the following
equations have been presented:

ANtk (1+2P,)

O TSk, T 0
_ 4N,1112K1(1—P2)
= S e T (8)

If the dipole is oriented perpendicular to the molecular
symmetry axis, the equations become:

2N, (1= P,)

O T S e e T ®)
_ Nk, (2+ P,)
S T S (4T ky T (10)
In these four equations
x, =3[L- Bl/(L+2B) (11)

and g and p are the longitudinal and transverse
molecular dipoles, respectively. x, depends on the length
L and the breadth B, and is a measure of the length-to-
breadth ratio; x, is positive in rod-like molecules and
negative in discotic molecules.

The basis of equations (7-10) is an approxi-
mation, because in reality the dipoles are not exactly
parallel or perpendicular to the main axes. Even 5CB
has a longitudinal and a lateral dipole component (see
table 1). Inserting the longitudinal dipole component in
equation (6), we obtain g;< 1. However, the calculated
value is smaller than the experimental g;. When we use
equation (9), and insert the lateral dipole component,
we obtain g, > 1. This does not correspond to reality.

We have slightly modified equations (7) and (8), by
inserting in both the longitudinal and lateral dipole
components, and calculating g,, for the isotropic case:

g1 =1— 4Nk, [ (1 +2P,)F 12 (1= P,)1/45(478 )k, T

(12)
g1 =1—4Ni [ (1 +2P))+ 15 (1 = P,)1/45(475 )y T
(13)
g =1—4Nw [ + 15 JA5(4ms)key T P, =0. (14)

The total dipole moment x consists of the components:
p= g + i, with g = pcos B, p, = usin p.
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We then used equations (12-14) for further calcu-
lations of the g factors. The second term in these
equations depends on the square of u. This dipole can
be the dipole of the compound itself, or the average
dipole of a mixture in which the dielectric data are
measured. Then it is to be expected that the dielectric
constants, the effective dipoles and the g factors will be
different when a given compound is investigated as a
component in a polar and a non-polar basic mixture.
We made such an experiment with 5CB in a polar
mixture A (MiA) and a non-polar mixture B (MiB); the
data are compiled in table 2. In fact, the extrapolated
g and Ag are very different in the two cases, pointing
out the large differences in the effective dipoles and the
g factors. It should be emphasized, that the optical
constants extrapolated from both mixtures are nearly
equal.

In table 3 we have compiled the results of calculations
of effective dipoles and g factors. In the first column we

show data from the literature [16]. The g factors have
been obtained by use of Bordewijk’s equations con-
taining factors taking account of the shape anisotropy
of the molecules, therefore complete agreement with the
g factors calculated with equation (6) cannot be expected.
In columns 2 and 3, the dipole data were calculated
by use of the experimental dielectric data of ref. [14]
(table 1) and the equations (1, 3, 4), inserting the molecular
data from the AMI and the ab initio calculation,
respectively. In columns 4 and 5 we used the dielectric
data extrapolated from the mixtures, and in equations
(1, 3, 4) the molecular data from AM1 calculation. In all
cases the ‘experimental’ g factors were calculated with
equation (6). Line 4 presents u,,,;, the dipoles which are
used in the denominator of equation (6).

We see in table 3 that the effective dipoles depend on
the method of quantum chemical calculation, because
data from the latter are inserted in equations (1, 3,4)
and the dipoles are fitted to the experimental data. In

Table 2. Dielectric and optical data for SCB, extrapolated from a polar and a non-polar basic mixture.

Component Contents/wt %o
Mixture A 100 85
Mixture B 100 85
5CB 15 15
Parameter
T,,/°C 72.3 65.0 74.0 66.8
Ty,/°C extrapol. 237 26.0
g 144 149 3.0 6.7
& extrapol. 17.73 27.66
Ae 10.0 10.3 - 14 21
Ac¢ extrapol. 120 21.80
g extrapol. 573 5.86
&,, extrapol. 9.73 13.13
n, 1.6293 1.6448 1.563 1.5885
n, extrapol. 1.7326 1.7326
n, 14914 1.4962 14777 1.4848
n, extrapol. 1.5233 1.5253
An 0.1379 0.1486 0.0876 0.1037
An extrapol. 0.2093 0.2073
Mixture A Mixture B
o)
CN CaH
csn,—O——@— CN 3% CH < > (0
i o procs ™
C;H-,——O—@—CN 2%

C;,H,-CN 15%

a

CsHmO—( 21
oo
o]

03H7"C>_‘« 17%
0—@" 0C2H5

o]

CsHyg 14%
g e
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Table 3. Dipoles and g-factors for 4'-n-pentyl-4-cyanobiphenyl (5CB).
Dunmur AMI, Ab initio, Extrapol. Extrapol. Urban

Parameter et al. [16] all trans all trans from MiA from MiB [21]
T 3.178 3.657 3.339 3499 4.151
Herr. | 3.699 3408 3.630 4.599
Mo 1 3.699 3408 3.263 3.247
Hrer 476 4.124 5.949 476 476
g,, EXper. 0.4444 0.786 0315 0.540 0.760

calc. 0.898 0.788¢ = (.7
g| exXper. 0.2713¢ 0.805 0.328 0.582 0933

calc. 0.807" 0.598
g1 CXper. 0.5628¢ 0.805 0.328 0470 0.465

calc. 0.942¢ 0.880¢

¢ Calculated from Maier—Meier theory, using anisotropic internal field.

® Extrapolated from isotropic diluted solution.

¢ Calculated with equation (6), u,;, from Maier—Meier theory.

¢ Calculated with the equations of Bordewijk [16].

¢ Calculated with equation (14) and the condition P, =0.
" Calculated with equation (12).

¢ Calculated with equation (13).

" Calculated with Ag, using a modified Maier—Meier equation [21].

the case of extrapolation from mixtures, they strongly
depend on the polarity of the mixtures. The g factors,
however, do not depend only on the effective dipoles,
but also on the chosen ... In most cases experimental
data for the dipoles of the free molecules are not
available. In this situation, according to our experience,
the dipoles calculated with the AMI method are
preferable.

When we look at the g factors in table 3, they are very
different, depending on the method of their evaluation.
Our aim is to calculate, without the need for experi-
ments, data which are as near as possible to reality. It
seems that g, calculated with equation (12) in the case

of AMI shows good agreement with the ‘experimental’ 0.4

. . . o
gy The calculations for g,, and g, are less satisfying. It Y\
seems, that the calculated g; shows better agreement \
with the ‘experimental’ g,, and g, . Insertion of the total \
dipole p in equation (7) delivers a similar result, so that 03 \

this procedure might be recommended for practical
applications.

5. Dispersion of the refractive indices

Similarly to all aromatic compounds, SCB has optical
absorption bands in the UV region. According to
[22,23] these are: one G— G* transition at about
120nm, and two m— ¥ bands at 200 and 282nm,
respectively. These bands cause an anomalous increase
of the refractive indices and the birefringence with
decreasing wavelength.

The method MOPAC/AMI1 allows us to calculate the
polarizabilities o and their anisotropics A« at different

wavelengths. Using the procedure described above, we
calculated from these data the corresponding refractive
indices and the birefringence for the all-zrans-conformers.
These data are compiled in table 4. The dispersion of
the data is clearly recognizable.

The calculated data were compared with experimental
data from [23]. Except for n, and An at 400nm, there
seems to be fairly good agreement. However, the more
detailed figure 7 indicates systematic deviations of the
calculated and measured data for An. The calculated »,
and n, are too small, but their difference An is too large
in comparison with the experiments. Usually, refractive

An
[o]
/

02 g

calculated, static]

500 700 900

7./nm

Figure 7. Dispersion of the birefringence of 5CB. Circles:
calculated; squares: experimental data from [23].
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Table4. Calculation of the optical dispersion of SCB. Method: AM1 at different wavelengths; ¥, =243.99 cy® mol-'; P, = 0.46;

T=2982K.
Wavelength/nm

Parameter static 900 800 700 600 500 400
ofau 171.821 181.257 184.087 188.520 196.212 212.303 270.604
Aa 178.497 196.069 201.535 210.278 225.969 260.867 394.407
g (n=0) 2.3972 2.5310 2.5690 2.6298 2.7390 29842 4.0619
g (u=0) 1.9041 1.9590 1.9775 2.0067 2.0582 2.1696 2.6432
g(u=0) 2.0685 2.1497 2.1747 22144 2.2852 24412 3.1162
n.(exp) 1.71
n, (calc) 1.5483 1.5909 1.6028 1.6217 1.6550 1.7275 2.0154
n, (exp) 1.53
n, (calc) 1.3799 1.3996 1.4062 1.4166 1.4346 1.4730 1.6258
M, " 0.18
An,p 0.168 0.1913 0.1966 0.2051 0.2204 0.2545 0.3896

* experimental data for wavelength 589 nm from [ 14].

indices are determined at 589 nm. It seems, that the data
calculated for 900 nm come nearest to the experimental
data at 589nm (table 4).

6. Conclusions

We have shown that the equations of Maier and
Meier [6] can be used for the calculation of dielectric
and optical data for SCB. For evaluation of the necessary
molecular data o,,, Aa, u and B we used ab initio
calculations (basis set 6-31 G) [8], as well as semi-
empirical methods (MOPAC [9] with AM1 Hamiltonian).
In the calculations the four conformers of SCB possessing
the highest Boltzmann probability have been considered.
The calculated dielectric and optical data based on AMI1
calculations show better agreement with experiment
than those based on ab initio calculations. The different
conformers do not yield substantially different dielectric
and optical data, and therefore it is sufficient to use the
most stable (all-zrans) conformer for the calculations.

In strongly polar compounds the agreement of the
calculated dielectric data with experimental values is
unsatisfactory. This is mainly due to association effects,
which in compounds with strong longitudinal dipoles
cause a partial cancellation of the dipoles. The effective
dipoles to be inserted in the Maier—Meier equations can
be obtained by calculating Kirkwood factors [ g = (u /1) ]
using the theory of Dunmur and Palffy-Muhoray [20].
This theory allows us to calculate g factors g, g, and
g.,- In 5CB it seems that the value of g, provides the
best correction of the dipoles for calculation of g, &,
and ¢, .

The agreement of the calculated optical data with experi-
mental values can be improved, when the dispersion of
the polarizability and its anisotropy (calculated with
MOPAC/AM]1) are considered.

In summary, we propose a method for the calculation
of dielectric and optical data for nematic compounds,
without the need for experimental data, and with an
accuracy acceptable for practical applications.

We thank Dr E. Nakagawa for making available
experimental data.
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