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Order parameters of some nematic p, p' substituted 
tolanes as determined by polarized Raman scattering 

L. G. P. Dalmolen and W. H. de Jeu 

Solid State Physics Laboratory. University o/Groningen, Melkweg 1, 9718 EP Groningen, Netherlands 
(Received 2 December 1982; accepted 2 March 1983) 

The order parameters <P ,> and <P .> of three nematic compounds have been determined by polarized Raman 
scattering. Results obtained with p-pentyl-p'-cyanobiphenyl (5CB) agree well with published data. Next the 
influence of a strongly polar cyano end group on the order parameters was investigated. This was done by 
comparing two nematic liquid crystals of the tolane class, namely p-heptyl-p' -cyanotolane and p-hepty1-p'­
methoxyto1ane, which have an almost identical geometrical shape. In spite of the difference in polarity hardly 
any difference in the order parameters <P,> and <p.> of both compounds couId be observed. <P,) and <p.> 
of both tolanes show approximately mean field behavior in contrast to the low <p.> of SCB. 

I. INTRODUCTION 

In nematic liquid crystals the elongated molecules are 
more or less aligned along a certain preferred direc­
tion, the director~. There is uniaxial symmetry 
around~, while the directions ~ and - n are equivalent. 
The orientational order can be described by an orienta­
tional distribution-function1 j(f3}, where {3 is the angle 
between the long axis of the molecules (which are as­
sumed to be effectively cylinder symmetric) and the 
director. The number of molecules making an angle 
between (3 and (3 + d(3 with the director is given by 

N«(3)d(3 = j{(3) 21T sin({3) d{3 • 

Knowledge of f({3) is of primary importance in testing 
theoretical results for the phase transition isotropic 
liquid to nematic, which necessarily involves a change 
from a constant orientational distribution function to an 
anisotropic one. There are only a few experimental 
methods that allow, at least in principle, the measure­
ment of the complete orientational distribution function, 
e. g., x-ray2 and neutron3 scattering. However, to use 
these methods one needs absolute intenSity measure­
ments, which are not easily obtained. This is reflected 
in the limited accuracy of the results. Alternatively it 
is useful to expand j({3) as 

"" 
f(f3} = L: t(2l + 1)(P2 ,)P2I(cos (3) , ,·0 

where the coefficients (P2I) are the order parameters. 
The first three are given by 

(Po)=I, 

(P2) = t(3 cos2 ~ - 1) , 

(P4) = i(35 cos4 {3 - 30 cos2 {3 + 3) . 

Only the even terms in the Legendre development of 
f{(3) are nonzero, as due to the equivalence of nand 
-~ one haSj(1T-{3)=j({3). 

The order-parameter (P2) can be measured by usual 
techniques probing a second order tensor property, as 
diamagnetic anisotropy, 4 birefringence, 5 nuclear mag­
netic resonances (NMR) experiments, etc. The varia­
tion of (Pz) over the nematic temperature range is al­
ways reported to be in reasonable agreement with mean 

field theories describing the ordering in nematic liquid 
crystals. 

Recently Jen et al. 7 reported a method to find (P4) as 
well as (Pz> via depolarized Raman scattering. This 
method depends on the measurement of the degree of 
depolarization of the Raman light scattered by one of 
the molecular modes of vibration in uniformly aligned 
samples of a nematic liquid crystal. The few results 
for (p 4) obtained in this way indicate often that (p 4) is 
much lower than predicted by theory, while even negative 
values for <? 4) have been reported. 7-9 

Several possibilities have been proposed to explain 
the low values of (P 4)' It has been attributed to local 
field correctionslO,18 (see the DiSCUSsion) or to the flexi­
bility of the alkyl chains of the molecules. 8 Besides 
that, one could question the assumption of cylindrical 
symmetry of the molecules, or consider the influence of 
formation of molecular complexes. On the other hand, 
the reliability of some of the reported measurements is 
somewhat questionable because several corrections 
have to be applied to the measured data, which in fact 
is not always done. Also the measurement of the de­
polarization of the scattered light is more complicated 
than it might seem at a first glance; the Raman setup 
has to be very carefully aligned and calibrated. In our 
opinion the measurement of l.J>4) given in Ref. 10 is one 
of the most reliable ones. These measurements again 
indicate a low value of l.J>4), though negative values were 
not proven within experimental error. As the under­
standing of the orientational distribution function of 
nematics is of fundamental importance for all other work 
in this field, we thought it worthwhile to continue this 
work on some well chosen compounds, taking care to 
connect with existing data in the literature. 

We focused our attention to the problem of the forma­
tion of molecular complexes which could influence (P~ 
and has not been accounted for in any theory yet. Up to 
now most measurements have been carried out on highly 
polar and polarizable compounds, such as the alkyl­
cyanobiphenyls. This is probably because the cyano­
stretch vibration line is very strong, strongly polarized, 
and well isolated from other lines in the spectrum. Also 
the cyano group is rigidly attached to the rigid central 
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core of the molecule. Measurement of the ordering of 
the axes of the vibration is thus typical for the ordering 
of the whole molecule, assuming rigid molecules. On 
the other hand, in compounds with a cyano end-group 
molecular complexes are being formed. From dielec­
tric permittivity measurements one can conclude that 
there are strong anti parallel correlations of the polar 
molecules. 11 This leads to a series of peculiar effects 
found in the higher homo logs of the cyanobiphenyls and 
related series of compounds, such as the formation of 
smectic double layers, 12 or the existence of a reentrant 
nematic phase. 13 It seems natural to assume that these 
correlations could also influence the orientational dis­
tribution and thus (P4)' To test this assumption we car­
ried out measurements on two compounds of the to lane 
class. The first with and the second without a strong 
dipole, namely: 

and 

C7 H15-Q-C:=:C -Q-OCH3 

p-heptyl-p'-cyanotolane 
(7CT) 

p-heptyl-p' -methoxytolane 
(70T) 

The stretch vibration of the central acetylenic bond in 
the rigid core of the molecule proves to be very useful 
for Raman measurements. The geometrical shape of 
both molecules is almost the same. 

The experimental setup has been tested by remeasur­
ing the order parameters of p-pentyl-p'-cyanobiphenyl 
(5CB) 

C5Hll~C=N 

as already published by Miyano. 10 The sources of ex­
perimental errors and some of the simplifying assump­
tions usually made for the measurement of the order 
parameters have also been investigated carefully. 

The plan of this paper is as follows. In the next sec­
tion we shall discuss the experimental setup and the 
determination of the so-called depolarization ratios. 
We summarize the necessary theory in Sec. III. In 
Sec. IV the experimental results are given, including 
an analySis of the sensitivity of the order parameters 
to variations of both the various input parameters and 
the assumptions that are made. Section V contains a 
concluding discussion. 

II. EXPERIMENTAL 

General: Linearly polarized laser light falls on a 
uniformly aligned liquid crystal sample. The scattered 
Raman light is depolarized compared to the laser light. 
The degree of depolarization of the scattered light is 
then defined as the ratio of the intenSity of the scattered 
light with its polarization parallel and perpendicular to 
the polarization of the laser light, respectively. 

There are three independent scattering geometries 
with an uniformly aligned sample, depending on the 
orientation of the director of the sample compared to 
the polarization of the incident laser beam (see Fig. 1). 
Two of these geometries use a planar sample. the third 

ej(zJ 

[9 + 
eslz) 

~IY) 
Rl = IyzfIZZ 

ej Iv) 

GJ 
es1vJ 

+ +(z) 
R2 = IzVl1yV 

-+- ~ es(x) 

~Vl R3 = Iyx IIxx 

0) bl c) d) 

FIG. 1. Scattering geometry and definition of the depolariza­
tion ratios; (a) direction of polarization of the laser beam el! 
(b) sample with director n, (c) polarization components of the 
scattered light es, (d) depolarization ratio belonging to the 
depicted geometry. R 1.0 == R j in the isotropic phase. 

a homeotropic one. A fourth depolarization ratiO has 
to be determined in the isotropic phase. 

Sample preparation: The sample cell consists of two 
glass slides of 1. 8 x 1. 8 cm2 held apart by spacers of 
tungsten ribbon of 25, 50, or 100 J..I.m thickness. The 
two parts of the cell are glued together with a high tem­
perature resistant two component epoxy resin. 

To make uniform homeotropiC or uniform planar sam­
ples14 the glass plates were treated prior to the as­
sembly of the cell. In the case of homeotropic align­
ment the glass slides were first thoroughly cleaned and 
treated with an acid mixture and then the sample was 
doted with about 0.1% of a homeotropic coupling agent 
such as "Saure T" (Merck, Darmstadt). For the sam­
ples with planar alignment we used slides coated with 
para-xylylene (parylene), 15 which were rubbed along one 
direction with a soft cloth. The direction of rubbing de­
termines the direction of the director of the sample. 
The quality of the samples was checked under a polar­
ization microscope. 

The Raman setup: The experimental setup is sche­
matically shown in Fig. 2. We use a Spectra physics 
model 171 Ar· laser which is run at about 100 roW at 
the 5145 A line. Higher power results in excessive 
heating of the sample. The output power of the laser 
is stabilized using the internal reference loop, giving a 
stability of better than 1%. 

The laser beam passes successively through a beam 
expander, a Claassen prism filter to remove the laser 
plasma lines, a calcite polarizer to polarize the laser 
light more completely, and a microscope obj ective to 
focus the light on the sample through a hole in a mirror 
under 45°. 

The sample is contained in a home built oven. The 
temperature is contrOlled by a Eurotherm PID tempera­
ture controller fitted with a platinum resistance ther­
mometer. The temperature can be set between room 
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temperature and 150°C with 1° intervals. The tempera­
ture is regulated within 0.1°. 

By turning the planar sample over 90° it is possible 
to measure Rl as well as R 2• The scattered light is 
focused by an Astro-Berlin!/1 objective on the en­
trance slit of the monochromator, after passing the 
analyzer (a polaroid sheet) and a quartz wedge depolar­
izer. The depolarizer is needed because the mono­
chromator has a 1: 6 transmission ratio for the two 
polarization components of the incident light. The 
monochromator is a Spex type 14018 double monochro­
mator fitted with 1800 grooveslmm gratings and 
equipped with a Spex wave number drive. The light is 
detected by an RCA type C13034 GaAs photocathode 
photomultiplier tube cooled by Peltier elements to about 
- 20°C. The tube is connected to a Spex type DPA-2 
photon counting eqUipment. 

The spectra are stored on cassette for later analysis 
with a computer. At the same time the spectra are 
drawn on a paper chart recorder. 

Experimental problems: The instrument has to be 
very carefully aligned, especially the calcite polarizer 
with respect to the director of the sample as well as to 
the analyzer and to the 45° mirror, otherwise the de­
gree of depolarization cannot be determined with suf­
ficient accuracy. The mirrors should not have dielec­
tric coatings that might introduce spurious changes in 
polarization. The quartz wedge has to depolarize the 
light completely, which is best achieved by placing it 

monochr. 
~-<E---1 wavenumber 

dri ve 

as close as possible behind the objective. The optical 
axis of the wedge should make an angle of 45° with the 
vertical (entrance slit). The accurate orientation of the 
wedge turned out to be fairly important. 

Determination o! the depolarization ratios: To deter­
mine the intensity of the scattered light we integrate the 
intensity under the peak in the spectrum while substract­
ing a linear background. Hence it is important that the 
lines under investigation are well separated from other 
lines in the spectrum. This is indeed the case with the 
modes of vibration we used to determine the order pa­
rameters. 

Because the intensity and not the shape of the lines 
is important with these measurements, quite large slit 
widths can be used to improve the Signal to noise ratio; 
wider slits cause an increase in the background result­
ing in a lower signal to noise ratio. 

As a first check we measured the depolarization ratio 
in the isotropic phase R lao of 5CB, which was found to 
be 0.267. Miyano reported a value of 0.262. 10 The 
good agreement gives confidence in the alignment of the 
instruments in both cases. 

III. THEORY 

Here we only give a short resume of the theoretical 
background of the method which is fully given in Ref. 7. 
The intensity of the scattered radiation for an ensemble 
of molecules is given by 
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r:. -, - 2 Is- (\esR el) > , 

where es and e; are unit vectors denoting the direction 
of the polarization of the electrical field of the scattered 
and incident light respectively. R' is the so-called 
dressed polarizability (Raman) tensor. On principal 
axis it reads: 

The effect of a~ local field correction is already ac­
counted for in R', which is an effective molecular 
Raman tensor. The nearest neighbors correlations con­
tribute almost all of the local field corrections. These 
near-neighbor correlations are not significantly tem­
perature dependent in most condensed phases. Conse­
quently R' can be expected to change little over the 
whole nematic range or even in the isotropic phase, as 
pointed out in Ref. 7. 

In the scattering geometry depicted in Fig. 1 we can 
define three depolarization ratio's given by 

RI = «eyR'e.)2>/(le.R'e.)2> , 

R2 = «e.R'ey>/«eyR'ey> , 

R3 = (leyR'eY>/«exR'eY> , 

R tso == Rl in the isotropic phase. 

The relation between the measured depolarization ratios 
Rj, R 2, R 3, R tso , and (P2>, (p4>, a, and b are given by 
the formulas below: 

Rl = CN(O!;.>/(O!;.> , 

R2 = (O!;,>/(CN(O!;y» , 

R3 = (O!;)/(O!;x> , 

n" no' and n. are the index of refraction of the glass 
slides and the ordinary and extraordinary index of re­
fraction of the liquid crystalline sample, respectively. 
CN is a correction factor for the difference in the re­
flection and refraction of the two polarization compo­
nents of the scattered light at the liquid crystal-glass 
interface. Finally: 

A -2(0!;.) = 1/9 + 3B/16 + C/4 + D/18 + lW2/288 

+ (B/8 + C/2 - D/6 - 5D2/48)(cos2 (3) 

+ (3B/16 - 3C/4 + 3D2 /32) (cos4 /3) , 

A"2(0!~> =B/16 + C/4 + D2/32 + (3B/8 -D2/16)(cos2 (3) 

+ (B/16 - C/4 + D2 /32)(cos4 (3) , 

A -2(0!;.> = B/4 + C/4 - (3C/4 - D2/8)(cos2 f3> 

-(B/4-C+D2/8)(cos4 {3) , 

A -2(0!;.> = 1/9 + B/2 - D/9 + D2/36 - (B - 2C -D/3 

+D2/6)(cos2 (3) + (B/2 - 2C + D2/4)(cos4 /3) , 

A=l+a+b, 

B=(A-2/4)[a-b+(1-a)sin2f3oF, 

C =A -2[ (1 - a)2 sin2 f30 cos2 f301 , 

D =A -1[2 - (a + b) - 3(1 - a) sin2 f301 , 

12B + 12C +D2 
Rho = (3/4) 5 + 12B + 12C + D2 

= 5(a+b+1)2+4(a2+b2+1-a-b-ab) ' 

f30 is the angle between the main axis of jf' and the long 
axis of the molecule. In practice this usually means the 
angle between the bond with which the stretch vibration 
is associated and the long axis of the molecule. 
The bond should be located in the central aromatic core 
of the molecule. The ordering of the axis of the bond is 
then more typical for the ordering of the whole molecule 
than is the case when it is part of the flexible alkyl 
chains. In practice f3 0 is small and can be estimated 
from molecular models. 

Finally the measurement of R tso provides us with the 
functional relation between a and b. Now we have four 
unknown variables, namely (P2), (P4), a, and b and four 
independent measurements, R I , R 2, R 3, and R tso . This 
means that the problem is determined and we can calcu­
late the order parameters and the elements of R' . 

IV. EXPERIMENTAL RESULTS 

For 5CB we only performed measurements on the 
2200 cm-1 cyano-stretch vibration. In the case of 70T 
we measured the depolarization ratios of the central 
acetylenic bond stretch vibration at about 2220 cm- I 

which is very strong, well polarized, and has its 
axis along the main axis of the molecule. In addition, 
we performed measurements on the 1600 cm-I sym­
metriC stretch vibration of the two benzene rings in the 
molecule. This vibration also has its main axis along 
that of the central rigid part of the molecule (see Fig. 
3). Although this vibration is quite complex it turned 
out to be fairly suitable for our purpose. In the case of 
7CT the C==C and C==N vibration lines overlapped in the 
spectrum, causing a broad peak near 2220 cm-!. There­
fore in this case we could only perform measurements 
on the 1600 cm-! band. 

Because of multiple scattering effects the measured 
depolarization ratios are dependent on the thickness of 
the sample. This effect is linear in the sample thick­
ness until about 50-100 fJ.m. Therefore we performed 
all measurements on two sample thicknesses, 50 and 
25 fJ.m, and extrapolated to zero thickness. Because 
the intenSity of the scattered light is very small in the 
case of the R3 measurement, we had to omit the mea­
surement on the 25 fJ.m sample in this case due to the 
low signal-to-noise ratio. Fortunately, the effect of an 

FIG. 3. Schematical drawing of the symmetrical mode of 
vibration in the tolane core at 1600 em-I. 
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error in R3 on the order parameters is small, and is 
acceptable in this case, as we will show later. In addi­
tion the thickness dependence of R3 is usually quite 
small. 17 

The measurements were done over the whole nematic 
range of 70T and 7CT with 1 °C intervals. In the case 
of 5CB we started at 23°C. Smooth curves were drawn 
through the data pOints. Thereafter we extrapolated 
the results for R1 and R2 to zero thickness and finally 
applied the correction factor CN for the birefringence 
of the samples. The values for the indices of refraction 
were taken from the literature for 5CB5 and measured 
by ourselves for the tolanes. 

Evaluation oj the experimental data: (P2), (p 4), a, 
and b were determined graphically with the help of a 
computer plotting program. (P2), (P4), a, and the value 
of R3 calculated from Rj, R z, and R iSO were plotted 
against b with R iso and f30 as input parameters. Where 
the curve representing R3 (calculated) crosses the hori­
zontal line R3 (measured) we can find in the graph the 
value of (p2), (P4), and a at this temperature. A typical 
example of such a graph (70T, C=C vibration) is shown 
in Fig. 4. 

From this figure we see that a 10% rise in R3 (mea­
sured) gives only a 4% higher value of (p2) and a less 
than 1% lower (P4). We know that the actual value of 
R3 is lower than the one found experimentally at nonzero 
thickness. As we can see in the figure this makes the 
situation even more favorable. Even the assumption of 
cylindrical symmetry of R', a=b, does not give rise to 
dramatic changes in the order parameters. Only when 
one deals with relatively high values of Rlso ' e. g., in 
some cases of the 1600 cm-t vibration where Riso is 
about 0.5, and consequently a and b are not very small 
compared to 1, it is worthwhile to measure R 3 • When 
R I80 is in the range of 0.2-0.4, as is usually the case, 
one can safely omit the R3 measurement. The other 

0.8 

04 

R3Imeas.) 
." ___ " •. L ____ .. _ •• _ .1. _________ _ 

0.0 

·0.4 -032 0.00 0.32 0.64 
b-

FIG. 4. Example of a plot to determine <1'2) and <I'~ from the 
measured data. See the text for details. 

0.6r-== ___ . 

~ 0.1. 

.0.2_L,0----_.l...
8 
----_6'------. ....J

4
-----'_2'------'0 

T - TN! IKI 

FIG. 5. Order parameters of 5CB (upper curves (P2), lower 
curves (P4»); x determined by Miyano (Ref. 10), + this work. 

way around, the method is less suitable for the deter­
mination of a and b, because of the very high sensitivity 
of these parameters to the input data. Therefore we do 
not give values for these quantities. 

In all cases we assumed f30 = 0° which seems reason­
able because the vibrations have their long axes along 
the axes of the rigid part of the molecules. Because 
the graphical method is quite time consuming we also 
used an iterative calculational procedure on the com­
puter to determine (P2) and (P4), which is in principle 
equivalent to the graphical method. 

Order parameters oj 5CB: In Fig. 5 we see that the 
results for 5CB from our own measurements are in 
good agreement with those published by Miyano. 1o For 
that reason we trust these data, which seem to be the 
only case of results for (p4) obtained by different groups 
It is very unfortunate that various authors have added 
new data for (P4) of various compounds to the literature, 
without checking whether they can reproduce existing 
data. 

Order parameters of the tolanes: In Figs. 6-8 the 
measured data for R t , R z, and R3 are given as well as 
the value for Rlso for both tolanes at the different wave­
length(s). In Figs. 9 and 10 the values of (P2) and (p4) 

are given. The values of (p2) obtained by diamagnetic 
anisotropy are included for comparison. These values 
are scaled to the Raman data at the lower end of the 
temperature scale. The agreement for 70T is excellent. 
For 7CT the agreement is somewhat less good near the 
transition temperature. This could be due to impurity 
problems encountered with the AX measurements, 4 

which were also carried out in Our group. For 70T 
there is a small systematic difference between the val­
ues found for (p2) and (p4) with the help of the 1600 and 
2220 cm-1 lines. The experimental error in the order 
parameters is estimated to be 0.05 for (Pz) and 0.1 for 
(P4). Nevertheless there is still a reasonable agree­
ment between the order parameters in the case of 70T, 
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and therefore we feel we can also trust the results for 0.8 

7CT obtained with the 1600 cm-1 band only. 

V. DISCUSSION 

From Fig. 11 we see that the order parameters of 
70T and 7CT are very similar, but that the (p,> values 
of both tolanes differ considerably from those of 5CB. 
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The values for (P2> obtained with the Raman method 
agree reasonably well with those from diamagnetic 
anisotropy. There is a small difference between (p2> 
and (P~ of 70T and the measurements by Averianov18 on 
a similar compound with a slightly shorter alkyl chain 
(50Tor MOAT). We ascribe this to problems asso­
ciated with the complicated setup he uses to increase 
the intensity of the scattered light. 

From Fig. 11 we see that the order parameters of 
both tolanes show to good approximation mean field be­
havior. The values of (p~ predicted by the continuum 
theory of Faber, 16 

(p ~ == (P2>10/3 , 

also fit reasonably well. The behavior of (p ,> of 5CB 
can neither be described by mean field nor by Faber's 
theory. Interestingly, the behavior of (p,> ofthe phenyl­
cyclohexane (PCH) series of compounds19,2o again agree 
well with theoretical predictions, although the molecular 
dimensions of PCH5 and 5CB are almost equal and both 
have a dipole of similar strength. We shall consider 
successively three possible causes of deviations of (P4> 
from mean field behavior: (i) molecular complexing, 
(ii) flexibility of the alkyl chains, (iii) internal field 
corrections. 
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(i) Molecular complexing: The dielectric permittivity 
of p-cyano substituted compounds usually does not show 
the normal temperature dependence E - fJ. 2/1', where fJ. 
is the permanent dipole moment. 11 Instead, a more or 
less constant E is observed, which can be interpreted by 
anti-parallel short-range correlation of the dipoles, that 
becomes stronger with decreasing temperature. For­
mally this can be described as a monomer-dimer equi­
librium. 21 In principle one could imagine that an opti­
mal packing of monomers and dimers in the nematic 
phase requires their respective long axes not to be 
parallel. This would lead to a broadening of f(/3), and 
thus to a lower value of (P4)' Though this could explain 
at least qualitatively the low (P4) of 5CB, one would then 
also expect low values for (P4) of 7CT and of the PCH 
series. Although for 7CT no dielectric measurements 
are available, any effect of correlation would lead to 
order parameters different from those of 70T, where 
molecular association can be expected to be much 
smaller. Experimentally, however, they are very sim­
ilar. Hence we conclude that any possible effect of mo­
lecular association on (p4) must be very subtle and 
strongly related to the value of the equilibrium constant 
of the monomer-dimer equilibrium. Systematic mea­
surements of order parameters and permittivities of 
series of compounds will be required to prove any effect 
of this type. 

(ii) Molecular flexibility: In principle one could 
imagine that the flexibility of the alkyl chains has some 
influence on the order parameters. 22 Such a relation has 
been suggested by Prasad et al. 8 from measurements 
on the nCB series. However, their trend of decreasing 
(p 4) with longer alkyl chains contradicts the results 
given here for 7CT and 5CB, as 5CB has the shorter 
chain and the lower (p 4)' Moreover such an effect can-

not explain the difference between 5CB and PCH5. In 
that context we note that in Ref. 8 no corrections for the 
effect of the sample thickness were made. Moreover, 
we did not succeed in reproducing the rather high values 
of R loo given for the higher homo logs of the nCB series. 
Nevertheless one should be aware of differences in 
molecular flexibility. Probably this can account for the 
small difference between the order parameters of 70T 
for the 2220 and 1600 cm-! band. 

(iii) Internal field corrections: Seeliger19 has at­
tributed the difference in (P4) of 5CB and PCH5 to dif­
ferences in the internal field corrections, which are 
small in the latter case because of the low value of t:.n 
for hydrated compounds. However, a high value of t:.n 
does not always lead to low (p4) values as we can con­
clude from the tolanes. Moreover, we have recently 
measured a low (P4) on a mesogen with a low t:.n. 23 In 
our opinion the differences in local field corrections 
are always too small to have a significant influence on 
the measured order parameter. 

The total local field correction falls apart in two 
parts: (0 the anisotropy of the molecule itself and its 
direct environment, and (ii) the anisotropy of the me­
dium around the molecule. The first part is not ex­
pected to change with temperature, even when going 
from the liquid crystalline to the isotropic phase, be­
cause of the strong correlations between neighboring 
molecules. Then this part of the local field is a con­
stant and can be included in the Raman tensor. As 
pOinted out in Ref. 7 this leads to an effective or dressed 
polarizability tensor. We will call this part of the mi­
croscopic part of the local field. The second part is 
temperature dependent via t:.n(T). It will even exist for 
a spherical molecule in an anisotropic (nematic) me­
dium. In the isotropic phase it will be zero. As dis­
cussed by de Jeu and Bordewijk24 this effect must be 
small in order to understand the experimentally found 
relations: 

n! - n; - t:.X - (p2) 

and 

where (J is the density. Any dependence of the internal 
field on t:.n(T) would spoil the relation between n! - n; 
and (p2), while that between t:.X and (p2) is not affected. 
So we conclude that it is a correct approximation to 
work with a constant dressed polarizability tensor. 

The above conclusion contradicts the treatment of 
Averianov18 who combines both contributions to the in­
ternal field in one effective anisotropy ratio. His treat­
ment ignores that the microscopic part of the anisotropy 
of the internal field also exists in the isotropic phase 
and is already incorporated in the a/b ratio of the ele­
ments of the Raman tensor as obtained from Rho' Con­
sequently the corrections he applies are too large and 
even spoil the agreement between the (P2) values from 
Raman and susceptibility measurements. 

We conclude that at present no adequate explanation 
exists for the anomalously low values of (P ,) observed 
for some compounds like 5CB. Contrary to our hope, 
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the measurements on two different tolanes do not make 
a conclusion possible. At present we are reinvestigat­
ing the nCB series in order to examine the possible in­
fluence of both molecular association and flexibility in 
more detail. 
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