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THE OPTICAL BIREFRINGENCE STUDY OF [4-(4-
CHLOROBENZYLOXY)-3-METHYLPHENYL](p-
TOLYL)DIAZENE DYE

Vily Marius CIMPOIASU', Ton PALARIE?, George BRATULESCU®,
Constanta DASCALU?, Petre ROTARU?

We report an extension of experimental technique (version of the Chang
method) for the measurement of the optical birefringence of [4-(4-chlorobenzyloxy)-
3-methylphenyl] (p-tolyl)diazene dye in NLC phase. The azo dye shows birefringence
only for cooling cycle, due to the increasing of molecular order by hydrogen bond
associations. We create an extension from three-band model to four-band model and
estimate the dispersion of optical birefringence An(A,T) by applying a nonlinear
fitting procedure on the rescaled transmittance Tr(A,T). We obtained the parameters
Go(T), G(T), GxT), GsT) involved in the calculation of An(A,T). We use
interference to accurate measure of temperature dependence of cell thickness D(T).
The most important band involved in birefringence was Ap~120 nm, followed by
A3~369 nm, while A;~258 nm and 2,~340nm bands were not important.
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1. Introduction

Nematic liquid crystals (NLCs) are known to behave locally as uniaxial
anisotropic media. Their optical birefringence, An, is high, (An = ng - no, ~ 0.2) and
can be modified by varying the temperature and / or the external field. ng is the
principal extraordinary refractive index, so it corresponds to a polarization of the
light beam parallel to the optical axis, while n, is the ordinary refractive index,
related with a polarization of the light beam orthogonal to the optical axis.

The physical origin of liquid crystal refractive index dispersion's has been
investigated in many papers [1-4]. The three-band model is a usual model, which
explains the experimental data very well [3-4]. As an extension of three-band
model, we propose a larger model (four-band model), consist by a single 6-c*
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transition (designated as the Ao-band, located in the vacuum UV region, Ao~
120nm) and three m-t* transitions (designated as the A1, A2 and A3-bands, with A3>
M>M placed in the nearby ultraviolet and obtained by using the absorption
spectrum of the liquid crystal under study).
For this model, in the visible and infrared regions, An(A,T) are:
mre_ G, 6D G 6T
(1A= 1 A) (1A= 11A%) (11 45=1UA) (1 K- 11 K)

(1)

where A is the wavelength of light, T the temperature of the NLC and Go(T),
G1(T), G2(T), G3(T) represent parameters which are temperature-dependent [3].

In this paper we present an experimental technique based on extended
model. The oriented planar nematic layer is observed in a beam of white light
(LS-1-LL Tungsten Halogen light source). NLC is placed between
parallel/perpendicular polarizers, while an angle of 45° is maintain between the
optical axis of NLC and polarizers. The light intensity transmitted by the analyzer
Ii(A,T) depends on wavelength and was recorded at different temperatures (113-
119 °C) within the nematic phase range of NLC. To calculate the birefringence
An(A,T), we estimate the characteristic band parameters (Go(T), Gi(T), G2(T),
G3(T)) by using a non-linear fitting procedure of the recorded light intensity
I(A,T) [5]. This simplest experimental method allow us to measure locally the
sample cell by using fine optic fibers. Our method use a spectrometer connected
to a computer for recording experimental data, in opposition with other methods
(modified Talbot-Rayleigh method [6] record the channeled spectra by requiring a
diffraction grating, a linear CCD matrix, which must be calibrated by using
interference filters).

2. Structural formula, absorption spectrum and nematic phase range
of [4-(4-chlorobenzyloxy)-3-methylphenyl](p-tolyl)diazene

The azo dye [4-(4-chlorobenzyloxy)-3-methylphenyl](p-tolyl)diazene has been
synthesized [7] and studied from the point of view of the chemical kinetics and
thermal analysis [8]. Its structural formula is given in Figure 6A.

The UV absorption spectrum (Fig. 1) of [4-(4-chlorobenzyloxy)-3-
methylphenyl](p-tolyl)diazene solution in 1,4-dioxane solvent was obtained with
an Ocean Optics Spectrometer HR4000. We use 1,4-dioxane solvent because is
UV transparent. We remark the four absorption bands, three in UV range, A=
258.93 nm, A> = 340.13 nm, A3 = 369.06 nm and one in visible range A4 = 444.84
nm.
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Fig. 1. Absorption spectrum of [4-(4-chlorobenzyloxy)-3-methylphenyl](p-tolyl)diazene
in 1,4-dioxane.

3. Cell design and properties

In all measurements we use a standard sandwich glass cell. A solution of
polyvinyl alcohol (PVA) and water (3:100) was spin coated on the inner surfaces
of the glasses (at room temperature and 2000 rot/min [9]). The resulting thin
polymeric film with a thickness ~100nm [9] has been baked for one hour in an
oven at 120°C to provide full polymerization of PVA. Next, the thin film has been
rubbed along a given direction to create support structure for planar alignment of
the NLC along the rubbing direction. The glass plates of the cell have been
distanced at about 23 pum by using Mylar spacers and sealed together by high
temperature flexible epoxy resin.

In the next phase, we fill the cell with [4-(4-chlorobenzyloxy)-3-
methylphenyl](p-tolyl)diazene by capillarity at temperature higher than 137.3°C
(clarification point). The cell was not fill completely and transparent portion of
cell was use for accurate determination of cell thickness at various temperatures.

The critical parameter in accurate determination of birefringence is cell
thickness D (the distance between the inner faces of the cell plates). The
experimental setup used is presented in Fig. 2, with parallel configuration of
polarizer 10 and analyzer 11. To determine D, we have recorded the wavelength
dependence of the interference of light, transmitted by the empty portion of cell.

The LS-1-LL Tungsten Halogen light source (7) provide a good spectral
range (360-2000nm). The parallel beam from the optical fiber+convergent lens
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(6A) emerges at normal incidence on the cell and transmitted light go to Ocean
Optics Spectrometer HR4000 (8) through the optical fiber (6B). The computer (9)
records the wavelength-dependent transmitted intensity of the empty portion of
the cell (we present in Fig. 3 only 500-1000nm range).
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Fig. 2. The cell filled with substance is placed inside a home made special electric oven (1),
connected with a temperature controller unit (4) that allow us to cool and heat the sample with
linear temperature rate (1-3°C/min). The temperature was measured with a Constantan-Copper

thermocouple connected to a KEITHLEY 2000 multimeter of 0.01°C precision (5). The oven is
placed on the table (3) of an IOR-MCS5A microscope for proper align of cell. Fine optical fiber +
convergent lens (6A) provide parallel light beam normal on the cell and optical fiber + convergent
lens (6B) transmit light beam to spectrometer (8) OCEAN Optics UV-VIS HR4000, controlled by
the computer (9). (10) Polarizer and (11) Analyzer.

8

The connection between D, the wavelength of the light (), and the Kmax-th
interference order at maximum (respective minimum Kiin) transmission is:
K =2D , _2D,1

max” ) mn— T+§’
2)
which indicates a linear dependence between Kmax (respective Kmin-1/2) on 1/A.

We obtain the slope B=2D from linear dependence K= A+B-(1/A). With a
suitable choice of interference order for both minimum and maximum, A goes to
zero, while the value of B is independent from it (Fig. 4).

The thickness of the cell (D~23 pum) has been computed for many cell
temperatures (see Fig. 5). The interpolated curve shows complex behavior (step
function). This temperature feature is justified by complex phase transitions of the
azo dye (isotropic liquid — NLC— crystal) [8,10]. For birefringence
measurements we use estimated value (red curve) for cell thickness.
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Fig. 3. Transmitted light intensity for transparent portion of cell.
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Fig. 4. Linear dependence of the interference order K on inverse A . We chose 11 value
for Kmax and 11 values for Kumin at the both ends of the spectral interval range.
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Fig. 5. Temperature dependence of cell thickness D.
4. Birefringence measurements

Next, we center the white light beam on the filled portion of cell by move
the cell inside oven.

The nematic range was previously determined by G. Bratulescu and published in
1996, in the first cotutelle doctoral thesis [10] in Romania and France.
Experimentally we found nematic range 118.5-113.5°C that it is in good
accordance with the theoretical range 119.5-116.8 °C [10].

We perform heating and next cooling cycles from 90—155— 90°C (not very fast,
1-3°C/min), waiting for the appearance of grooved figures, specific for
birefringence (see Fig. 8). First we observe that only at cooling appear the
birefringence figures.

The possible explanation is given in the next paragraphs.

The hydroxyl groups on the surface of the polyvinyl alcohol form hydrogen bonds
with the atoms of the azo group -N=N- and of the etheric group -OCH;-. These
bonds are accomplished with the help of electron pairs from nitrogen and oxygen
atoms.

The hydrogen bond is stronger with the azo group due to the higher basic
character of the sp? hybridized nitrogen atom. On the other hand, a resonant
structure (B from Fig. 6) can be written on the molecule of the compound (A) in
which a negative charge is observed at the first nitrogen atom.
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Therefore, the liquid crystal molecules interact with the polyvinyl alcohol
located on the inner faces of the glass cell, the lower and upper, in which the
optical measurements were performed.

CH,
1 2
HsC N—=N OCH, Cl
CHj
- +
HsC N—N OCH, Cl

Fig. 6. Compound structure (A) and resonant compound structure (B).

The interaction consists in an association by hydrogen bonds between the
first layer of molecules from the volume of liquid crystal and the polyvinyl
alcohol molecules (see Fig. 7). The hydrogen bond interaction can be depicted as

follows:
: :< H :
N ...Polyvinyl alcohol.... M
n n

Fig. 7. Hydrogen bonds formations between compounds and PVA.

I—-- z

The strength of these hydrogen bonds is higher for the atoms of the azo group,
where the electron density is higher, than for the atoms of the ether group.
Hydrogen bonds are sensitive to temperature variation.

By heating the liquid crystal, near the melting point, due to thermal
agitation, the hydrogen bonds are broken. First, the hydrogen bonds in the etheric
group -OCH>- break, followed by the hydrogen bonds in the azo group -N=N-. At
this point the mobility of the liquid crystal molecules becomes maximum.

On the contrary, by cooling the compound from the melting point
(isotropic liquid) to the liquid crystal phases, the hydrogen bond associations with
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polyvinyl alcohol are restored: first, in the azo group —N=N-, then in the etheric
group. Consequently, the molecular order (alignment) increases. Due to this
behavior, there are different changes in the structure of the liquid crystal phases
when heating and cooling the optical measurement cell, respectively.

The sample is maintained in the oven with the optical axis tilted at 45° to
the perpendicular/parallel configuration of the polarizers. The transmitted light
Ii(A,T) is recorded using the spectrometer at various temperatures only for cooling
cycle within the nematic phase temperature range.

The recording procedure was extensively described in paper [5]. We
extend the measurements using both configuration of polarizers, parallel and
perpendicular.

The experimental transmittance (see Figure 8) was fitted conform with
theoretical dependence:

FATE 1 (AT) Dark(A)ocsinz[n*An(A,mD(T)]

I, (A Dark(A) A for perpendicular,
AT I, (AT ) Dark(A) 2[7T>|<An(/\,T)>I<D(T)

1,(Ay- Dark(A) A for parallel,

where D(T) is thickness, An(A,T) is birefringence and Dark(A) is dark
signal recorded without light source. Ii(A) represent the intensity in the absence of
cell and parallel polarizers.
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Fig. 8. Experimental transmittance of cell at 117.5°C for parallel/perpendicular configurations of
polarizers.
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For accurate extraction of birefringence parameters Go(T), Gi(T), G2(T), G3(T),
using a nonlinear fitting procedure [5,11] the experimental transmittance needs to
be rescaled between 0 and 1 respectively. In Fig. 9 we present rescaled
transmittance and fitting functions.
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Fig. 9. Rescaled transmittance and fit functions of cell at 117.5°C for both configurations of
polarizers, parallel/perpendicular.

The fitting procedure give good statistical results, the reduced x> for all
measurements is between 0.6-10* and 1.8:107>.

The temperature dependence of band parameters Go(T), Gi(T), G2(T), G3(T),
represented in Figure 10, shows that the most important band involved in
birefringence are Ao ~ 120nm and A3 ~ 369nm.

We obtain similar values for Go(T), and G3(T) in both configurations. The great
dispersion of Gi(T), and G2(T) parameters is due, in principle, to the very small
values with tiny contributions in birefringence and instabilities of nonlinear
mathematical procedure for fit. However, small contributions in birefringence of
A1 and A2 bands are truly important. The optical birefringence An(A,T), calculated
conform eq. 1 and represented in Fig. 11 exhibit a normal behavior with
temperature.
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Fig. 10. The temperature dependence of band parameters Go(T), G1(T), G2(T), G3(T).
5. Conclusions

We found that azo dye [4-(4-chlorobenzyloxy)-3-methylphenyl](p-
tolyl)diazene shows optical birefringence only for cooling cycle, due to the
increasing of molecular order by hydrogen bond associations. To measure this, we
have developed a new technique of processing experimental data where we
essentially considered all the experimental data and the dispersion of optical
birefringence An(A,T) in the framework of extension the three-band model to
four-band model (using a version of the Chang method [12]).

In order to obtain an accurate nonlinear fitting procedure on the rescaled
Tr(A,T) we first measure by interference the cell thickness D(T) and second we
evaluate the parameters Go(T), Gi1(T), G2(T), G3(T) involved in the calculation of
An(A,T). The values of An(A,T) obtained there are in accordance with the ones
reported in [13]. We conclude that the most important band involved in
birefringence was Ao~120nm, followed by A3~369nm, and other bands A1~258 nm
and A2~340nm have insignificant contribution.
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Fig. 11. The birefringence dispersion obtained by using both configurations at various
temperatures.
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