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ON AN ULTRASONIC METHOD FOR LIQUID CRYSTAL
ELASTIC CONSTANTSDETERMINATION
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Abstract. The paper presents a new ultrasonic method for the dastic constants determination of liquid crystals, using
small quantities of material. The results for the nematic liquid crystal ZLI 1132 (Merck) are compared with those
obtained by the well-known optical method. The new method is best adequate for the splay elastic constant
determination.
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1. INTRODUCTION

The most important application d liquid crystals is in the fiedld o display devices. The
performances of these devices depend among dher things, on the dastic properties of the liquid
crystal. There are three so-called Frank dastic constants associated with each type of bulk
deformation d liquid crystals, namely, splay (kip), twist (kx») and bend (kss) eastic constant.
Therefore, precise measurement of the Frank constants represents an important subject both for
the display design and for a better knowledge of the liquid crystal physical properties.

There are a large variety of experiments that provide data on the dastic properties of nematics.
However, the most frequently, to measure dastic constants one chooses director deformations
generated either by external eectromagnetic fields in a suitable simple geometry (Fréedericksz
transition) [1-4], or director deformations imposed by the surface anchoring condtions in
nortrivial geometries such as droplets, cylindrical cavities or hybrid aligned films [5-8].

Usually, the detection d the director field deformations by an external field action is dore by
optic or by capacitance measurements [9, 10], but there are also ather detection methods such as
ultrasonic ones[11- 13].

Using the dectric fied, the most straightforward method to determine the dastic constants is
via the observation d the threshdd vdtage, at which the Fréedericksz transition is obtained
(Fréedericksz threshdd). For a nematic liquid crystal with positive dielectric anisotropy (Ae>0),
the determination d the dastic constants by threshdd measurements requires a homogeneous
planar cdl (P) or a 90° twisted planar one (TN). The threshdd vdtages are given by:
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for the twisted planar one. g, is didectric constant of vacuum.
Using the results of the threshdd measurements for the two geometries, one can determine ky;
and the constant k, defined as the relation between bend and twist € astic constants:
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In this paper we present the results of the eastic constants measurements for a nematic liquid
crystal, using a new ultrasonic detection method that allows the using of small quantities of
liquid crystal. Our purpose is to find a more simple and direct way to measure the liquid crystal
dastic properties. Therefore we compare the proposed method with the wel-known optical
detection.

Our paper is organized as follows: the experimental part is described in Section II; in this
section, the experimental results for a nematic liquid crystal are also presented using both optical

and ultrasonic detection; Section |11 is devoted to the discussion of the experimental results and
to the conclusions.

2. EXPERIMENTAL

2.1. Sample preparation

The samples used in the experimental investigations were prepared from planar glass plates,
1.5mm thick, covered with a transparent conductive layer of indium-tin oxide. The planar
alignment was assured by a vacuum deposition of SIO at an incidence angle of 60°. The two
glasses forming a cell were mounted so that either a homogeneous planar cdl, or a 90°- twisted
planar cdl were obtained. The cell gap was assured by use of Mylar spacers, 75um thick. The
cells were filled with the nematic commercial mixture ZL1 1132 (Merck) having the nematic
range-6° + +70°C.

2.2. Experimental method

Theliquid crystal samples were introduced into a homemade acoustical cdl (Figure 1).
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Fig. 1

The acoustical cell
1-liquid crystal sample; 2-piezo-ceramics transducer; 3-heater resistance; 4-elastic electric contact; 5-thermic insul ator

The cdl ensured the acoustical coupling between the transducers (2) and the liquid crystal
sample (1), and, also, the temperature control. The temperature control was performed using an
eectric heater (3) commanded by a computational program. In this way, the temperature could
be maintained at any desired value to an accuracy of 0.02°C. The acoustical cell was provided
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also with dastic dectric contacts (4) for applyingthe a.c. dectric fied.

As ultrasonic measurement method we used the Fabry-Perot type spectroscopy. The
ultrasonic investigation was carried aut through the combined use of a HP 4194A
Impedance/ Gain-Phase Analyser and a pair of ultrasonic longtudinal wave transducers. When a
planar sample is submitted to a sweeing frequency sound, interference between incident and
reflected waves takes place, and thus, a Fabry-Perot interference spectrum is generated. The used
ultrasound intensity value was of 1ImW/cr?. The determinations were performed both on the
homogeneous planar sample, and the 90°- twisted ore. For each case, we followed the variation
(Al) of a chosen interference maximum in the presence and the absence of the dectric fidd,
respectively. By extrapolating to zero the linear part of Al vs. applied vdtage, the threshdd for
Fréeadericksz transition was obtained. The measurements were made at several temperatures in
the nematic range.

In order to verify our method the dastic constants ki, and k were determined using qotical
detection by measuring the change in birefringence of a liquid crystal sample with applied
eectric fidd.

Experimentally, one records the transmisson d the light as function d applied fiedd. Above
the Fréadericksz threshdd, successve minima and maxima occur. The transmisson d the light
as a function d the applied vdtage, both for homogeneous and twisted planar cels was
recorded. The measurements were performed at the same temperatures as for the ultrasonic
detection. With the aid o a computational program carried aut by us, the voltage values
correspondng to the etrema of the transmitted light intensity, were identified. Then, the phase
difference (until a constant factor) vs. applied vdtage was plotted. By extrapolating to zero the
linear part of the curve, one obtained the Fréedericksz threshdd value.

2.3. Experimental results

In Figure 2, the experimental results for Fréedericksz threshdd dbtained by using the two
detection methods, for both studied geometries, are presented. It can be seen that the threshdd
for the twisted planar cdl remains greater than that for the homogeneous ore in the whde
investigated temperature range. One can also remark the diminution d the threshdd vdtage
with the temperature increasing, for both studied geometries. From both detection methods for
the homogeneous geometry, a quasi-linear threshdd variation in function d temperature is
observed. In the case of the twisted sample, the ultrasonic results present a greater dispersion.
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Fig. 2 - Thethreshold voltage of Fréedericksz transition, Uy, vs. temperature determined from: @) ultrasonic
detection; b) optical detection
B - homogeneous planar geometry; [ - 90° - twisted planar geometry

Continuous curves are obtained by fitting with linea functions.

The eperimental data for Fréedericksz threshdd in the two geometries were fitted with linear
functions. Thefitting functions are given by:

UE =1.1125-0.004841

for the planar geometry, and

Ui =1.4325-0.012681

for thetwisted ore. t is the temperature in Celsius degrees.
Using the fitting functions (4), (5) and egs. (1) and (2), the temperature dependencies of eastic

constants, ky; and k were established. Theresults aregivenin Table 1.

Tablel

(4)

©®)

Comparison of elastic constant val ues determined by ultrasonic and optical methods

10°ky, 10°k
Method (dyre) (dyre)
Ultrasonic | Optical Ultrasonic | Optical
T ature

(O
27.7 0.88 0.78 0.20 0.13
30.0 0.86 0.76 0.16 0.14
325 0.84 0.74 0.12 0.14
35.0 0.82 0.72 0.08 0.14
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3. DISCUSSION AND CONCLUSIONS

The ultrasonic Fabry-Perot type spectrum for liquid crystal samples proved to be sensitive to
the action d an dectric fidd, allowing the dastic constants determination from the Fréedericksz
threshdd value. Our results $rowed that for the studied liquid crystal (ZLI 1132 the splay
dastic constant ky; has a value comparable with that known for most thermotropic liquid

crystals, Kqq 010078 dyne. The dastic constant ky; slowly decreases with temperature in the

studied range (with about 5%). These results are in accordance with those obtained by the optical
detection. We also dosarve that in the ultrasonic measurements, the values of k;; are
systematically greater with about 10% than those obtained from the optic measurements. Taking
into acoount the low intensity of the ultrasonic fidd used in aur experiment (about 107 times
lower than acousto-optical threshdds known from literature [14)]), a disturbing effect on the
liquid crystal homogeneous planar structure is unlikely. Therefore, we beieve that the
disagreament between the results obtained by the two methods is due to the insufficient
sensitivity of the used transducers.

As it is drown in Table 1, the value of k obtained by the optical method remains constant on
all the temperature range, and equal to about 0.1410°%yne. In the ultrasonic determination d
this constant, we obtained a rdative great dispersion d results due to the dispersion threshdd
values in the planar twisted cel geometry. This could be eplained by a possble untwisting
effect of the acoustical field onthis gructure [15]. To limit the dfects of this dispersion, we used
in the k determination the values found by fitting the experimental data with a linear function. In
this way, we obtained in the ultrasonic method the decreasing trend with temperature shown in
Table 1. Although in the ultrasonic method k fas a different behavior with temperature, its mean
value coincides with that determined by the optical method

In conclusion, taking into acoount the results of the comparative analysis, the ultrasonic
detection, can be succesully used for dastic constant determination in  hamogeneous
geometries for which the disturbing effect of the ultrasonic field is weaker. The precision d this
method can be improved by using more sensitive transducers.

More, unlike the most ultrasonic methods, the interferential method proposed in this paper,
uses small quantities of liquid crystal. Comparing with the optical method, the ultrasonic
detection is a more direct and rapid. Thus, the last method all ows the direct determination d the
Fréeadericksz threshdd by extrapolating the variation curve of the chasen interference maximum
from ultrasonic spectrum, while, the optical method invaves the additional processng d the
experimental data.
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