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approximation and slightly curved in the general case but not a curvature in the surface 
region as marked as that it has been experimentally found. Therefore it is interesting to 
check whether or not the obtained director distributions enter the elastic model. 

/' 
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Figure7: Example of the +(X) curve for the TE (left) and the TM (right) 
polarisations. The parabolic behavior for the TM curve is the signature of an 
heterogeneous material. 

3SCOMPARISON WITH THE ELASTIC MODEL 

the director in an hybrid nematic film, expressed as: 
Together with the experimental results, we have plotted the usual distribution for 
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252 M. WARENGHEM et af. 

z( 8) - d. 
J‘ ,/-de’ 

20 

00  

where h2 is the anisotropy of the elastic constants (0.3 for 5CB), d the thickness of the 
film, 80 and 81 the surface tilt angles. The values for these angles are obtained 6om the 
boundary conditions and depend on the surface energies. Given that these surface energies 
have not been measured for our samples, both surface tilt angles are used as feed 
parameters. 

For the samples treated with HTAB, the experimental director distribution can be 
fitted with the elastic model, feeding the expression 20 with appropriate surface tilt angles 
(around 3 degrees for the homeotropic side and 90 degrees for the planar side, for all the 
samples). 

For the samples treated with the lecithin, it is impossible to find a set of two 
surface tilt angles (00 and 81, homeotropic and planar ) for which the elastic model fits 
the experimental datas. It is only possible to fit the experimental director distribution in 
the bulk, not next to the surface (Figure 8 ) 

Such a discrepancy has been obtained for each thicknesses of the four lecithin 
samples. While changing the surface tilt angles, a change of around two degrees on the 
planar side (e l  in formula 20) and only half a degree on the homeotropic side (80 in 
formula 20) is enough to have an observable misfit between the theoretical curve and the 
experimental datas. The surface tilt angles on the planar side that have been entered to fit 
the bulk are in between 85 and 90 degrees for all the studied samples whereas the surface 
tilt angle on the homeotropic side is changing from a sample to the next one and changing 
as the thickness of one film is lowered (using piezoelectric devices). It should be noticed 
that different values for the anisotropy of elastic constants have been tested but the 
obtained change in the director distribution is definitely not fitting the experimental 
results. 

For the first film, the best fit homeotropic angle is 5 ? 0.5 degree, constant for 
each studied thicknesses (8 different thicknesses between 30 and 121 pm), this value 
being the same for the two different areas studied on the same sample. For the second 
sample, the same result is found with now an angle of 6.5 ? 0.5 degree (11 thicknesses 
between 16 and 90 p ) .  For the third film, the angle is now slightly decreasing with 
increasing thickness: ffom 7 degrees as the film is 14 pm thick to 5 degrees at 127 ym 
thick; the same values have been found for a second area studied on the same sample. 
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DIRECTOR DISTRIBUTION IN HYBRID NEMATIC FILMS 253 

Finally for the fourth film, a more significant evolution is found, identical to the third one: 
from 9 degrees as the film is 26 pm thick to 4 degrees at 125 pm thick. 

These values for 80 have to be compared with the actual experimental surface tilt 
angles which exhibit the same behavior as shown on the Figure 9 for all the films, namely 
a slightly increasing angle with a decreasing thickness. 

Surface tilt angle (degrees) 

6 

O J  I 

0 20 40 60 80 100 120 140 

Tbickaess (Irm) 

Figure 9. 
lecithin treated film (film 3). 

Experimental surface tilt angle on the homeotropic side for a 

Such a behavior can be understood in term of anchoring energies: even if these 
quantities have not been measured, the surface treatments have been achieved in order to 
have different anchoring energies simply by varying the concentration of the surfactant. 
For the supposed large anchoring energies (films 1 and 2), it takes a large bulk distortion 
torque (i.e. a small thickness) to compete with the surface torque and the surhce tilt angle 
is fixed, whereas for the smaller anchoring energies (@ns 3 and 4) both the bulk and 
surface torques can equally compete for quite large thicknesses and a variation of the 
surface tilt angle is more easy. 

In addition to this, it is worth noticing that we found for the HTAB treated films 
some homogeneous samples for thicknesses lower than 30 pm, indicating that such 
samples was thinner than the so-called critical thickness [27]. For the lecithin treated 
films, the large distortion energy for the low thicknesses is escaped by a twisted 
configuration instead of an homogeneous sample. 
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254 M. WARENGHEM er al. 
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Anyway, even if these bulk and surface behaviors are not in contradiction with the 
physical sense of the elastic model, nevertheless the director distniution next to the 
interface cannot be modelised with that one obtained from the minimisation of the usual 
Frank bulk energy associated to the usual Rapini Papoular surface energy, which leads to 
the expression 20. 

In order to go further in this surface phenomenon, we tried to fit the obtained 
distribution with an exponential decay : 

~(z) = o ~ , J ~ )  + (ctS - Oo).e-’,: 21 

where Belast. is the distribution given by 20, 80 the surface tilt angle on the homeotropic 
side that best fits the bulk distribution and which enters the Belast. distribution, 8, is the 
actual surface tilt angle measured through the reflectivity curves, d is the actual thickness 
of the film and p is a unitless feed parameter. 

For each films presenting a discrepancy with the elastic theory, we have checked 
the best p parameter: an example is shown on the Figure 10 . For the four studied films, 
we have found the same quite constant value 19 21. This means that the penetration 
length of the exponential decay is proportional to the sample thickness, with an order of 
magnitude of the micron. 

This surface effect which is not modelized by the usual the theory is obvious but 
the perturbation is not very large therefore it is important to wonder whether these results 
are experimental evidences for fuller models or only experimental artefacts. We propose 
to discuss this in the latest part. 

- *; = -- 
1- 

.- 
--  

-. 
--  
- -  
- -  

Figure 10. 
unit) 

Feeding parameter p versus thickness of the sample. (accuracy: 1 
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DIRECTOR DISTRIBUTION IN HYBRID NEMATIC FILMS 255 

4. DISCUSSION. 

I t  is beyond the scope of this purely experimental report to propose a model for 
what has been observed. We keep going on this experimentalist point of view in giving 
some comments on the technique and discussing further investigations that have been 
undertaken, providing the theoreticians with more informations. The additional 
experiments that have been performed consisted in changing different parameters to 
check their influence on this surface effect. These experiments are not as comprehensive 
as that presented above: we were only looking for the existence of the effect. 

First of all, we changed the material itself and used the Nematic Liquid Crystal 
E7 (from Merck): the effect has been observed again, and more important, it has been 
obsewed also with the HTAB treated films although less marked than with the lecithin 
films. However, it can be argued that such compound which is a mixture, contains some 
5CB and such an experiment is not really complimentary. Nevertheless, it gives the 
important information that the effect is not only due to the lecithin. 

This observation leads to the following remark : due to the way of preparing the 
substrate, the surfactant in excess is diffusing in the bulk, inducing a density gradient 
which in turn can induce an index gradient and this is what might have been observed. 
Probably such a density gradient exists, but first, the index variation associated with such 
a gradient is very low (as in any liquid) and second, it should affect both ordinary and 
extraordinary indices, therefore if it is a measurable effect, it should be seen 
simultaneously on both TE and TM @(X) curves. Now we found a straight line for the 
ordinary curve which is the signature of a constant index and a curved line for the 
extraordinary curve which is the signature of a non constant index. As a result, what 
have been observed is something else. 

However, such density gradient can induce a surface charge distribution and in 
turn a surface electric field that can reorient the nematic: such an electric field should be 
perpendicular to the interface and enhance an homeotropic alignment due to the positive 
dielectric anisotropy of the 5CB. Given that we found a director which is deviating from 
the homeotropic alignment, a modelisation through some local dipolar interaction looks 
unlikely, quadrupolar interactions and flexoelectricity looks more promising. 

The most important point that has been checked is the validity of one hypothesis 
the technique is based on: all the data processing is based on an equal thickness fringe 
pattern analysis, in other words on interferences between two parallel beams. The fringe 
pattern in the TM mode shows obviously that we are in the presence of a multibeam 
interferences phenomenon. The data processing uses only the extremum abscissa which 
are identical whatever the number of path in the interfering system, two or more, 
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256 M. WARENGHEM et al. 

providing that there is a translational symmetry: the lone variable should be the z 
coordinate. This question has to be checked in two different ways: first to be sure that the 
sensor is far enough from the sample to record parallel beams and second that the sample 
itself is homogeneous in the x and y coordinates on a large scale. The first point has been 
considered in recording and processing curves with a photosensor located at different 
distances away from the sample: the effect is observed the same way whatever the 
distance is. The second point has been checked by recording and processing curves for a 
probe beam analysing different areas of the saniple: again no changes have been found as 
already mentionned in the second part of this paper. Probably the director distribution 
depends on the x and y coordinates due to some heterogeneity in the surface treatment, 
but the fact that we found at least two different areas (randomly chosen) that exhibit the 
surface effect means that it is not due to some particular combination of different non 
parallel beams interfering within the photosenor with a phase difference that leads to 
such a reproducible effect. 

As a conclusion, we summarize the observations that are reported in this paper. 
Using an optical technique based on Total Internal Reflection, we have measured the 
director distribution close to the homeotropic side of an hybrid nematic film. Such an 
experimental technique do not require any theoretical model and can be used to check 
some models. We therefore have compared these experimental distributions with that 
obtained by minimizing the Frank elastic energy associated with the Rapini Papular 
surface energies. We found out a misfit between both theoretical and experimental 
distributions, especially close to the interface, which can be corrected by adding to the 
elastic model distribution an exponential decay. The penetration length of such a 
correction is found to be proportional to the thickness of the sample, with an order of 
magnitude of the micron. 

Different models, fuller than the simple elastic one, can be considered to explain 
the observed behavior: non constant order parameter, second order elasticity which is the 
K13 problem from the Italian group point of view, the K 1 3  problem from the 
Pergamenschik point of view, the flexoelectricity and surface double layer. All these 
model lead to exponential decays. However, the non constant order parameter is 
supposed to be volume independent with a characteristic length which is the molecule: 
this is definitely not what we observed. The same remark holds for the Italian point of 
view for the K13 problem, although this is subsequently developping. The 
Pergamenschik point of view on this problem seems to be less restrictive in the order of 
magnitude: the proportionality to the thickness seems not to be in contradiction with the 
model. The last possible model cited above, namely the flexoelectricity and the surface 
double layer, seems not convincing: as already mentioned, the dipolar effect acts in the 
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257 DIRECTOR DISTRIBUTION IN HYBRID NEMATIC FILMS 

wrong direction and quadrupolar effect should be involved. However, the order of 
magnitude (micron) and the volume dependence are correct. 

* 

March 1995). 

A part of the experimental results has been presented as poster at E.CL.C.95 (Bovec, 

* We are indebted to G. Durand and G. Barbero for all the fruitful discussions. 

This work has been achieved in the frame of the European network ‘Liquid Crystal: 

Macro:;copic properties”. N.ERBCHRXCT930119 
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