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A new method is proposed and implemented experimentally for measuring the components of the
Lorentz tensor in uniaxial liquid crystals. This method is not restricted to special objects of study
or to a special spectral range. The anisotropy of the local field of a light wave has been studied in
the nematic and smectic 4 phases of three liquid crystals of the cyanobiphenyl class. The experi-
mental data are compared with the predictions of theoretical models in the literature.

1. INTRODUCTION

The methods of molecular optics play a special role in
research on molecular and structural conversions in liquid
crystals. Experiments by refractometry,' UV and IR absorp-
tion spectroscopy,”® luminescence,** spontaneous Raman
scattering,® active Raman scattering,” and generation of the
second optical harmonic®® yield information on several
properties: the second moment P,=S and the fourth mo-
ment P, of the orientational molecular distribution function,
the linear and nonlinear molecular susceptibilities, their de-
pendence on the particular features of the intermolecular
interaction in the mesophase, the conformation, dynamics,
and mutual correlations of the molecules, and their changes
upon phase transitions. These characteristics are important
both for deriving a theory of the liquid-crystal state and for
optimizing the characteristics of a variety of devices which
make use of liquid crystals.

A quantitative interpretation of the resiilts of optical
experiments requires information on the anisotropy
Af=f — f. ofthelocal-field tensor of the light wave, which
relates the amplitude (E’) of the local field polarizing the
molecule to the amplitude (E ) of the macroscopic field in the
liquid crystal: E! = f,E,. In the system of the director of
uniaxial nematic and smectic 4 and B liquid crystals, the
uniaxial tensor f* has the components

fra=1+Ly (i —1), (1)

where n), are the principal refractive indices of the liquid
crystal, and L, are the components of the tensor Lorentz
factor in the directions parallel and perpendicular to the di-
rector (SpL = 1). Local-field effects increase in importance
for many-photon and nonlinear processes,* in which the
dispersion of the tensor fin various spectral regions due to
the dispersion of the refractive indices becomes important
with increasing absolute values of the local-field corrections.
For this reason, the expression

f=(+2)/3, 2)

which is frequently used and which has a narrow spectral
range of applicability in the UV region,>'° can lead to an
important distortion of the temperature dependence found
for orientation-statistical and molecular characteristics of
liquid crystals in the visible and IR regions.®

The problem of a microscopic calculation of the tensor f
in a liquid crystal has not yet been solved, since it requires
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simultaneous consideration of the translational and orienta-
tional correlations of anisotropic molecules,'"!? higher-or-
der multipoles in the molecular polarization,'? and the non-
local nature of the molecular polarizability.'*'*> We thus see
in the literature, along with isotropic approximation (2), the
use of semiempirical methods for calculating the parameters
L, (Refs. 16 and 17); these methods lead to different signs
for the anisotropy of the tensor f in the visible and IR re-
gions: Af> 0 (Ref. 16) and Af < O (Refs. 1-6, 10, and 17). The
assumptions underlying the method of Ref. 17 were recently
confirmed theoretically,''>'® but it has not been possible to
compare theoretical and experimental values of L, ,, be-
cause the corresponding measurements have not been car-
ried out.

Blinov et al.? have proposed a method for experimental-
ly determining the components L, , in a liquid-crystal ma-
trix from the dichroism of the UV absorption of a spherically
symmetric impurity molecule. The values found for L, at
one temperature point in a nematic liquid crystal have yield-
ed Af = 0. The spectral interval of the measurements and the
dispersion of the values of n, correspond to the condition
for the applicability of Eq. (2) (Ref. 10). This method was
recently used'® to determine L, in a liquid-crystal matrix
from the dichroism of the IR absorption of impurity mole-
cules of tetrahedral symmetry. Since there are many factors
which could give rise to an induced dichroism in these sys-
tems,>?*?! an unambiguous interpretation of “probe” ex-
periments is not always possible, and the problem of measur-
ing the anisotropy of the local field in a liquid crystal remains
unresolved.

In the present paper we propose a method for experi-
mentally determing the components L, in pure and impure
uniaxial liquid crystals. This method is not restricted to spe-
cial objects or to a special spectral range. Section 2 of this
paper sets forth the theory of the method. Section 3 describes
the objects studied and the experimental procedure. In Sec-
tion 4 we report the results of the measurements of L, in the
nematic and smectic phases of three liquid crystals. We dis-
cuss the results and compare them with the results calculat-
ed from various theoretical models.

2. METHOD FOR DETERMINING THE ANISOTROPY OF THE
LOCAL FIELD IN UNIAXIAL LIQUID CRYSTALS

We selected for study an isolated band, of the intrinsic
or impurity absorption of the liquid crystal in the IR, visual,
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or UV part of the spectrum. This band is insensitive to possi-
ble changes in the conformation of the molecules in the lig-
uid-crystal phase. We use the results of two independent
measurements of the dichroism, N, =D /D, and
N, =D, /D,, in cells with molecules in the planar and ho-
meotropic orientations, respectively; here D, , ; are the inte-
grated optical densities of the sample in the absorption band
under study for light polarized parallel and perpendicular to
the director and in the isotropic liquid. For these experimen-
tal configurations the values of the order parameter S of the
long axes of the molecules are given by*>

PO/ WV ()

]
P Ngpt2 g
Here S, = (3cos®> 8 — 1)/2, Bis the angle between the direc-
tion of the dipole moment of the electronic or vibrational
transition and the long axis of the molecule, and the correc-

tion factors are

=t (L), g2 (L)) @

ni\ fy I

where p and p; are the densities of the liquid crystal and of
the isotropic liquid. For the intrinsic absorption bands of a
liquid crystal the refractive indices n,; in (1) and (4) are
background indices within the band of interest, while for an
impurity absorption band they pertain to the liquid-crystal
matrix.

It can be seen from (3) that the components L, can be
determined experimentally with .S, =S, =0orS; = 0; we
then have g, = 1/N,. The first of these possiblilities was
implemented experimentally in Ref. 2 for the dichroism N,
of the absorption of a spherically symmetric “probe” mole-
cule in a liquid-crystal matrix. The second possibility is diffi-
cult to implement because the condition B = 54.7° must be
met quite accurately.

The joint use of expressions (3) gives us a universal
method for experimentally determining the components
L, . The idea underlying the method is that the local-field
correction to the order parameter determined from the dich-
roism depends on the orientation of the molecules in the cell;
planar or homeotropic.' For simplicity we set S; = 1, and
we expand the right sides of Egs. (3) in the small parameter
Af/f)..- Restricting the discussion to the linear approxima-
tion, we find

8, =S1,—"/s(4=S1;) (1+251,) At/

(5)
Sr=S1h_z/3 (1_S1h) Af/fJ.v

where the quantities Sy, , correspond to calculations from
Eqgs. (3) and (4) in the isotropic approximation (4f = 0). We
see from (5) that for the typical values Sy, , = 0.3-0.7 the
correction to .S; for the local-field anisotropy is 1.5-2.5
times greater in measurements with a planar orientation of
the molecules in the cell than in measurements with a ho-
meotropic orientation. Accordingly, if we actually have
Af #0, then the use of isotropic approximation (2) to analyze
the results of these two experiments will give us different
values for S}, as we in fact observe experimentally (as dis-
cussed below). Since the order parameter S'is a characteristic
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of the intermolecular interactions and must not depend on
the experimental geometry, the actual values of L, must
satisfy the two equations

(Npgp_'l)/(Npgp+2) =1—ghNh’

If the values of N, ,- p, p;, and n); are known, the solution
of the first of Egs. (6) can be sought conveniently by varying
one of the parameters L, until the left and right sides of the
equation agree within the specified error. This procedure
can be checked by comparing the values found for S, =S,
with the results of independent measurements which do not
require consideration of local-field effects.

This method has the advantage that intrinsic or impuri-
ty absorption bands of the liquid crystals in various parts of
the spectrum can be used. One can measure the parameters
L, forseparatefragments of the molecules and use the asso-
ciated normal vibrations and the corresponding characteris-
tic absorption bands. The determination of L, does not re-
quire information on the angle B for the moments of the
corresponding transitions.

Sp L=1. (6)

3. TEST OBJECTS AND EXPERIMENTAL PROCEDURE

Experiments were carried out on three liquid crystals:
4-n-pentyl-4’-cyanobiphenyl (5CB; C 22.5° N 35.0°I),

HuC—& »—&  H»—C=N,

\_// U
4-n-heptyl-4’-cyanobiphenyl (7CB; C 29.1° N 41.4° 1),

H;;C— —C:N

-
N\ 7 \_//
and 4-n-octyloxy-4’-cyanobiphenyl (80CB; C 53.0° Sm 4
65.8°N 78.8 1),

H,,CSO-—\\_// Q—C-_—N
In parentheses here we have given the Celsius temperatures
of the phase transitions from the crystal (C) to the smectic 4
phase (Sm A4 ) to the nematic phase (N) and to the isotropic
liquid (I). Several factors made these particular compounds
convenient for study. They are typical liquid crystals with a
large positive dielectric anisotropy and are widely used in a
variety of electrooptic devices and in physical and chemical
research.?? The IR spectrum of these liquid crystals has an
isolated characteristic absorption band with A,,,, = 4.5 um
which is convenient for interpretation of the experimental
results. This band belongs to a normal valence vibration of
the C=N bond oriented along the long molecular axis
(S = 1). The orientational order of the cyanobiphenyls has
been studied in detail previously by methods which do not
require corrections for the local field: the NMR method
(5CB; Ref. 23) and measurements of the diamagnetic anisot-
ropy (5CB and 7CB; Ref. 24). It is thus possible to test the
values found for L , by checking to see whether the values of
S, =8, agree with independent measurements. Finally, a
study of 80CB yields information on the changes in the local-
field anisotropy at the N-Sm A4 phase transition.

A reproducible planar orientation of the molecules in
flat fluorite sandwich cells (for the IR spectroscopy) and
wedge-shaped glass sandwich cells (for the refractometry)
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was achieved by treating the inner surfaces of the cells by the
following procedure: directional polishing with diamond
paste; cleaning; deposition of a film of polyvinyl alcohol
from an aqueous solution; rubbing with paper along the di-
rection of the original polishing. This procedure yields a
planar orientation of the nematic and smectic A phases; re-
peated Sm A==>N transitions do not effect the quality of the
orientation of the sample in either phase. The customary
procedure for obtaining a planar orientation of the smectic 4
phase is to cool the nematic phase slowly in a magnetic field
parallel to the director.?> Homeotropically oriented layers of
liquid crystals for measurements of the dichroism N, were
prepared by the method described in Ref. 3. The quality of
the orientation of the samples was monitored by using a po-
larizing microscope to make sure that there were no disclina-
tions. The error in the setting and regulation of the tempera-
ture of the samples during the experiments was + 0.1°C.
The refractive indices n) , ; in the mesophase and in the
isotropic-liquid phase of the samples were measured on a
refractometer and also by the wedge method of Ref. 1 at four
light wavelengths, within an error of 2.10~3. The results for
the SCB and 7CB crystals are reported in Ref. 1, while those
for 80CB are shown in Fig. 1 of the present paper. The values
of n,; in the literature for 80CB refer only to the nematic
phase?®; and they agree with the results shown in Fig. 1 for
A =0.589 um. The lines closest to the C==N vibration band
(of half-width ~ 10 cm™')in the IR spectrum of the cyanobi-
phenyls are 300-600 cm ') away, so that the background
values nﬁ, .,; for this band are determined primarily by elec-
tron resonances. Analysis of the experiment shows that the
dispersion of the refractive indices in the mesophase and in
the isotropic liquid of these samples in the region A = 0.735-
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FIG. 1. Temperature dependence of the refractive indices n,; of the
liquid crysal 80CB at several wavelengths. O—A = 0.42; A—0.49; O—
0.589; ®—0.735 um. The dashed lines show values of n} , calculated
from (7) for A = 4.5 um; T, is the temperature of the nematic-isotropic
phase transition; and the arrow is the temperature of the transition from
the nematic phase to the smectic 4 phase.
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0.49 um can be approximated well by the simple dispersion
relation

ny =104,/ (A—B, 1 ). (7)

The parameters 4 and B depend on the reduced temperature
AT =T, — T, the polarization, and the approximation in-
terval (4;, A, ). To calculate n}, , at A = 4.5 um we use the
values found for the parameters 4 and Ell, ,,; from the experi-
mental values of n , ; at each fixed temperature A7, taking
an average of the three pairs of values (4;, 4, ) from the set
A =0.49,0.589,0.735 um. The deviation of the values calcu-
lated for n,,, from (7) from the experimental values for
80CB in this spectral range does not exceed 5-1072 (in the
case of n) or 2:107> (n,) at AT =20°C or 2-1072 (n ;) at
AT = 1°C. In other words, the discrepancies correspond to
the errors in the measurements of n;,; The extension of
approximation (7) to shorter wavelengths degrades the
agreement between theory and experiment, because damp-
ing is ignored in the denominator of the second term on the
right side of (7).

We measured the dichroic ratios &, and N, of liquid-
crystal samples with planar and homeotropic orientations
and of identical thickness (10 zm). At this thickness, bound-
ary effects are negligible and do not influence the bulk orien-
tational-statistical properties of the liquid crystals.® The in-
tense, isolated IR absorption band of the valence vibration in
the liquid-crystal and isotropic phases was recorded in a par-
allel light beam on a Specord 75IR spectrophotometer with a
K201 null-method chart recorder for logarithmic recording
with an integrator. The rate (v) at which the spectrum was
scanned, the slit width (o), and the time constant (¢) of the
measuring instrument were chosen to minimize the shape
distortion of the IR absorption line: /0 =0.21 (Ref. 27).

N T T T T T T
r ¥y

[ 3 UD - 5,0

o. A? D%—J,U
0.4 % Z%ﬂ
| .IT" %

[ Py
| 8 1 6,4 .2

20 Tg-T,°0

0,3 1 I
‘ 4 12

FIG. 2. Temperature dependence of the dichroic ratios N, {/\, O, 0) and
N, (@) for several liquid crystals. A—5CB; O—7CB; [J, ®—80CB.
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The measured integrated optical densities D, , ; in the meso-
phase and the isotropic liquid were corrected by the method
of Ref. 28 for the finite siit width of the measuring instru-
ment. To separate the components D, , for the samplesin the
planar orientation we used a polarizer with an efficiency of
98.5% between the sample and the entrance slit of the spec-
trometer. To avoid the depolarizing effect of the measuring
instrument, we oriented the axis of the sample at 45° from the
slit of the measuring instrument. The measured dichroic ra-
tio was corrected by the method of Ref. 29 to allow for the
imperfections of the polarizer. In cells holding molecules in
the homeotropic orientation the light propagated along the
optical axis, and we were able to measure the absorption
spectrum polarized normal to the director without using a
polarizer. This experimental geometry also minimizes the
depolarizing effect of multiple scattering of light at fluctu-
ations of the director; this scattering is significant in the po-
larization measurements of samples in the planar orienta-
tion. Figure 2 shows the temperature dependence of the
dichroic ratios N, , averaged over five measurements taken
with newly prepared samples for each crystal studied. All
the corrections listed above have been made. The tempera-
ture dependence of N,, for 5CB and 7CB is given in Ref. 3.
The values of p and p; required for the calculations from
Egs. (3)—(6) were taken from Refs. 30 and 31.

4. EXPERIMENTAL RESULTS AND DISCUSSION

The “experimental”’ values of S have some uncertainty
because of the particular model chosen to calculate the com-
ponents of the tensor L, as can be seen from (3) and (4). A
convenient zeroth approximation is the isotropic approxi-
mation Af = 0, which corresponds to the following critical
value for the anisotropy 7 = 1/3 — L, of the tensor L (Ref.
10):

nl-n,*

T TSt (o /3] .

where 7I” = (n} + 2n})/3. The exact expression for the com-
ponents f| = f, =f'in this case is

Fe w2 2(n*—n,?)?
3 27[7*—1+ (n*—n,?) /3]

and differs from the customary expression (2). The critical
parameter 7., depends on the wavelength of the light and on
the reduced temperature AT. The sign, values, and disper-
sion of the anisotropy Af at a fixed AT depends on the rela-
tion between 7, (1,4 T ) and the actual anisotropy (A T') and
on the dispersion of the parameter 7.,. Two cases are possi-
ble here.'®

1. If the condition |7 (1,4 T)| > |7(AT)| holds in the vi-
sible spectrum, where optical experiments are ordinarily
carried out, we have Af(1,4T)> 0. If |7, (4,4 T)| increases
(decreases) as A is varied, the anisotropy Af increases (de-
creases). For molecules with a highly polarizable structure
including 7-conjugate fragments, an increase in |7 . (1,4 T )|
is observed as A is reduced and as we approach the band (4,)
of the long-wavelength electron transition, which is usually
polarized along the long molecular axis. For molecules with
a weakly polarizable structure, e.g., one which contains cy-

(&)
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clohexane rings, the value of |7 (4,4T)| may remain con-
stant or decrease with decreasing A because of the weak dis-
persion of the birefringence. In the long-wavelength part of
the spectrum, the anisotropy of Af decreases, but because of
the weak dispersion of n) | the spectral point A, at which we
have 7., (A.,,AT) = 7{AT) and Af = 0 may be unattainable
experimentally.

2.Ifthe condition |7 (4,4 T')| < |7(47)| holds in the visi-
ble region, then 4f< 0. Now the anisotropy |4/ | decreases
(increases) with increasing (decreasing) |7, (4,4T)| as A is
changed. For highly polarizable molecules such as those
studied in the present experiments, the quantity |Af| de-
creases in the limit A—A4, and may vanish at an experimen-
tally accessible point A, since the dispersion of the refrac-
tive indices 7, and of the parameter |7 (1,4T)| is large
near A,. This effect was observed experimentally in Ref. 2.
We should expect an increase in the anisotropy |Af | at long
wavelengths, and it was for this reason that we selected the
IR region for an experimental test of the method proposed
here.

Let us examine the experimental data on 5CB in Fig. 3.
A calculation of the order parameter from Egs. (3), (4), and
(8') in the isotropic approximation leads to very disparate
values Sy, <S'y,. We see from (5) that this situation corre-
sponds to Af < O for the real anisotropy of the tensor fin this
crystal, and we are dealing with the second of the two cases
which we just discussed. The critical parameter L, . in-
creases as A decreases from 4.5 to 0.42 um (Fig. 3b), and the
anisotropy |Af | decreases correspondingly. The values of L,
corresponding to the solution of Egs. (6) and to the real an-

0,58

0,50

0,36

FIG. 3. a: Temperature dependence found for the orientational-order pa-
rameter S in the nematic liquid crystal 5CB by various methods. O, A\—
Values of Sy, and Sy, respectively, calculated from the IR dichroism (¥,
and N, ) from Egs. (3) in the isotropic approximation (4f = 0); O—rvalues
of §, =S, reflecting the local-field anisotropy with components L,
which satisfys Egs. (6). The dashed and dot-dashed lines are interpolations
of the results of magnetic>* and NMR* measurements. b: Temperature
dependence of experimental (0) and theoretical values of L, in the nema-
tic liquid crystal SCB. Solid line—Calculations of L, from Egs. (10)—(12);
dashed line—calculation of L, from Egs. (10) and (13); dot-dashed and
dot-dash-dashed lines—calculation of L., from Eq. (8) for A = 0.42 and
4.5 um, respectively; dotted line—calculation from Eq. (14).
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isotropy of the local field in this crystal exceed the critical
parameters L . for all values of 47, and the anisotropy sat-
isfies Af < 0 in the interval 4.5-0.42 um (Fig. 3b). At shorter
wavelengths, the tensor fis approximately isotropic, within
the experimental errors. The value of A, is thus attainable in
principle for 5CB and lies at 4 < 0.42 um.

The values found for S, =S, with allowance for the
local-field anisotropy agree within the experimental errors
with independent data obtained by an NMR method?? and
by magnetic measurements,?* lending support to the values
found for the parameters L, here. According to (5), the
values of S, =S, diverge from S, to afar lesser extent than
they diverge from S, even in the IR region, where the an-
isotropy of |Af| is at its maximum. In the visible and UV
parts of the spectrum, with molecules in the homeotropic
orientation, rather accurate values Sy, =S, can be found
from the dichroism of N, even in the isotropic approxima-
tion.

The experimental results on 7CB shown in Fig. 4 are
evidence that the local field is more anisotropic in this crys-
tal than in 5CB. Even at A = 0.42 um the values of L,_, are
significantly smaller than the experimental values; we have
Af<0; and the spectral point (4., ) corresponding to the iso-
tropy of the tensor f may be unattainable experimentally be-
cause of the optical absorption in this region. The order pa-
rameter S, =S, found from the IR dichroism with
allowance for the local-field anisotropy agrees completely
with the results of magnetic measurements?* over the entire
range of AT. Since the magnitude and form of the local-field
corrections are different for the independent optical and
spectral measurements,” '° we could adopt as a further test
of the validity of this new method the agreement between the

-o.60
0,52

0.44

FIG. 4. a: Temperature dependence of the order parameter S'in the nema-
tic liquid crystal 7CB found by various methods. O—From the dichroism
of the IR absorption with allowance for the local field anisotropy; O—
from the Raman effect without allowance for the local-field anisotropy>%;
@—the same, but with allowance for the local-field anisotropy in accor-
dance with Eq. (9); dashed line—interpolation of the results of magnetic
measurements.?* b: Temperature dependence of the experimental and
theoretical values of L, in the nematic liquid crystal 7CB. The notation is
the same as in Fig. 3b.
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values of S given by the different optical methods when the
values found experimentally for the parameters L, are
used.

The order parameter S for 7CB was determined in Ref.
32 from data on the Raman scattering by the valence vibra-
tion of the C=N bond in the approximation of an isotropic
local field. From Fig. 4a we see that the values found for S,
in this manner are substantially lower than those found in
the present study. We can show that this difference is erased
by incorporating the anisotropy of the local field. The C=N
and C=C valence vibrations have a highly anisotropic un-
iaxial Raman-effect tensor with transverse and longitudinal
components forming a ratio®» = y|/ 7 = 0.05-0.07. In ana-
lyzing the effect of the anisotropy 4/ on the values found for
S by means of the Raman effect we can set » = 0, since a
variation of 7 over the interval 0-0.1 has essentially no effect
on the value of S (Ref. 33). In the linear approximation in 4f,
and for the scattering geometry used in Ref. 32, the general
expressions of Ref. 6 give us
3(1—8,) pi+4(1+2S,) pa Af

3p:+12p4p,1+8p- f
wherep, , are the degrees of polarization of the Raman lines
of a liquid crystal in the planar orientation (R,/C, and R,/
C, in the notation of Ref. 32). Using the parameters S; and
P12 (Ref. 32) and of the experimental values of L |, shown in
Fig. 4b to calculate .S from (9), we find that the results found
by the three independent methods agree within the experi-
mental errors (Fig. 4a).

In 80CB the values of L .. for A = 0.42 um agree ap-
proximately with the experimental values, especially in the
smectic A phase. In the region A $0.42 um the tensor fin
80CB is thus essentially isotropic. The temperature depen-
dence of L, is essentially the same as that of L, in this
crystal. We see from Fig. 5a that, as in 7CB, the discrepancy
between the values of S, =S, on the one hand, and the
parameters S; measured by the Raman method,?? on the
other, can be eliminated by making a local-field correction
from (9) and the experimental values of L | (Fig. 5b).

The transition from the nematic phase to the smectic 4

S=8,—2 , 9)

0.62
0,54

(4

0,46

0,38

FIG. 5. Temperature dependence of the order parameter S (a) and of the
component L, ; (b) of the Lorentz tensor in the mesophase of 80CB. The
notation is the same as in Figs. 4a and 4b.
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phase is seen clearly on the temperature dependence N, (4 T')
(Fig. 2), but the parameters L, of the local field and the
order parameter S, = S, (Figs. 5a and 5b) are insensitive to
this transition, within the experimental errors. This result
agrees with the known fact that the transition from the ne-
matic phase to the smectic 4 phase in this crystal is approxi-
mately continuous.?! The increase in the translational order
in the smectic 4 phase of 80CB does not influence the local-
field factors, possibly implying both a small amplitude of the
density wave of the smectic layers®! and a predominant role
of orientational order and of the short-range molecular sur-
roundings in forming the local field.

The two latter possibilities have been used in mod-
els'®!” for determining the magnitude and temperature de-
pendence of the components L |, in uniaxial liquid crystals.
It is assumed that in the liquid-crystal phase, on the average
over all possible orientations, the molecule is in a spheroidal
effective Lorentzian cavity whose shape is determined by the
orientational-statistics properties of the mesophase. In a
completely ordered sample (S = 1) the shape of the cavity
would correspond to a molecular spheroid whose semiaxes
a <c can be calculated from a molecular model. The corre-
sponding component L., is determined by the ratio
m=c/a:

m 1 m+(m*—1)"%
2(m?*—1) [m— 2(m‘—1)"’n m— (m’—i)"'] - (10)

L_Lmu=

If S #1, the long axis of the spheroidal cavity in the liquid
crystal is along the director, the cavity is less anisotropic in
shape than is the molecule, and the temperature dependence
of 7 can be approximated by

T=TmaxAN/ ANmas. (11)

The birefringence An,,,, of a completely ordered sample is
determined from the temperature dependence of An, which

can be approximated well for known nematic liquid crystals
by

AR=ATae(1—T/T,)*, (12)

where T, and 3 are adjustable parameters. The parameters
7(A4T) found from Egs. (11) and (12) are essentially indepen-
dent of the wavelength (1 ) at which An is measured. The use
of this approach to determine the parameters L i, has made
it possible to incorporate the anisotropy of the local field in
experiments carried out to determine S from refracto-
metry,"'®!” luminescence,’ the Raman effect,® and absorp-
tion UV and IR spectroscopy.®*#* The results found from
optical experiments agree with each other and with the re-
sults of independent measurements which do not require a
local-field correction.

Figures 3b—5b show the behavior L, (4 T') found by this
method. The molecular parameters a and ¢ required for cal-
culations from (10) were taken from Refs. 31 and 36. The
particular values used correspond to pairings of molecules
with overlapping antiparallel aromatic structures. It can be
seen from these figures that the calculated parameters agree
with the experimental values within the errors. The discre-
pancies in the results near 7, might be due to both the ne-
glect of short-range molecular correlations and the depolar-
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ization of the spectrum in cells with molecules in the planar
orientation (this depolarization is caused when the light
passing through the sample is scattered by thermal fluctu-
ations of the director). The latter effect leads to an effective
decrease in the measured dichroism N, and to an overesti-
mate of L, by (6). The model-based values of L, correspond
to the case Af <0 in the region A = 0.42—4.5 um.

A theoretical framework has recently been developed in
the molecular-statistics theory'' and a phenomenological
theory'® for the assumptions underlying this model-based
approach to the calculations of L ;. The following refine-
ment of approximation (11) has been derived:

T=TmaS. (13)

Since the proportionality Az S holds quite accurately,"’
the difference between the results calculated for 7 from (11)
and (13) is determined by the difference between the relative
and absolute values of .S in the mesophase—a difference
which is usually a few percent.*>*’ It can be seen from Figs.
3band 4b that the discrepancy between the values calculated
for L, from Egs. (11) and (13) is smaller than the error in the
experimental determination of L, .

We turn now to an analysis of the Sauper-Maier-Neuge-
bauer model,'® which is frequently used to determine the
components L ,. This model is based on the assumption
that the average polarizability y of the molecules is indepen-
dent of their structural order and independent of the state of
aggregation of the medium. The component L, is the solu-
tion of the equation

P n2—1 2(n,2—1) ]_n;’—-i (14)
3o L 1+(1—-2L) (n?—1) 1+L, (> —1)1 ne+2”

Figures 3b and 4b show calculations of L, (4 T') for 5CB and
7CB from the Sauper-Maier-Neugebauer model. The values
of L, depend only slightly on the wavelength of the light at
which the refractive indices n;  ; used in (14) are measured.
For both crystals we find L, <L,.,, which corresponds to
the condition 4> 0; the anistropy of the tensor f increases
with decreasing A. It can be seen from (5) and (9) that the
Sauper-Maier-Neugebauer model predicts negative correc-
tions to the values of S; found from the dichroism of the
absorption and from the Raman effect and also from refrac-
tometry.'®!” The discrepancy between the values of S, and
S according to this model is even greater than in the iso-
tropic approximation. The a priori assumption that y is con-
stant in the Sauper-Maier-Neugebauer model is thus equiva-
lent to specifying an absolute value and a temperature
dependence of the components L |, which contradict experi-
ment. An analogous cause-and-effect relationship between
the form of the local-field tensor and the dependence of ¥ on
the density was established in Ref. 38 for isotropic liquids.
We will conclude by pointing out several problems
which can be solved by the method proposed here. The value
L, = 0.4 measured? by optical probing of large spherical im-
purity molecules in a nematic liquid crystal far from T,
agrees with the results of the present study. For small impu-
rity molecules of tetrahedral symmetry, on the other hand,
this method has yielded'® L, <L, in the IR region, in con-
tradiction of the results of the present study. Since the meth-
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od proposed here for determining L, is not restricted to
objects of a special type, its application to a large number of
impurity systems will make it possible to experimentally re-
solve the fundamental question of how the local-field anisot-
ropy at an impurity depends on the properties of the impuri-
ty molecule and of the anisotropic host.!>*° Furthermore, it
will be interesting to determine the degree of anisotropy of
the local field for the end fragments of flexible alkyl chains,
which are far less ordered than aromatic molecules. Finally,
uniaxial liquid crystals with a slight optical anisotropy and a
high orientational order, which play the important role of
anisotropic hosts in research in physical chemistry, are of
considerable interest in this connection.*’
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myantsev for interest in this study and for useful discussions.
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