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Comparison between densitometer and dilatometer measurements in liquid-crystal phases
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This study focuses on a comparison between densitometer and dilatometer measurements of two liquid-
crystal systems: the 4-methoxybenzylideriebdtlylamiline (MBBA) system and a micellar system consisting
of octyammonium chloridd OACI) and water. The measurements are taken near two phase transitions: the
nematic-isotropic and the hexagonal-isotropic. The former refers to the MBBA and the latter to the OACI. It is
observed that whereas, at the nematic-isotropic phase transition, the densitometer and dilatometer measure-
ments exhibit a similar step density change, at the hexagonal-isotropic transition the densitometer measure-
ments show a step density change which is about five times larger than the one detected in the dilatometer
experiments. The results are discussed and compared to other liquid-crystal systems.
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PACS numbg(s): 61.30.Eb, 64.70.Md

INTRODUCTION spite of more recent experimental effof&10,1] this issue
has not been completely clarified so far. Therefore we try to

The density is a relevant parameter in the investigation opresent some general considerations about this point, having
liquid-crystal systems, particularly in the study of the phaseour additional experimental data as a basis.
transitiong1,2]. From the thermodynamics viewpoint, it can
present either a discontinuity at a first order transition or EXPERIMENT
change continuously3] at a second order transition. The
density has been used in the high resolution experiments Experiments were carried out on the MBBA and OACI
determining the critical exponents of the thermotropic sys-systems as a function of the temperature near the nematic-
tems near the smectis—nematic transitiof4]. On the other isotropic transition and hexagonal-isotropic transition, re-
hand, in the micellar system, the density can be associatezpectively. Measurements of the densities were determined
with changes in the structure of the micelléd, which are  from the oscillation period of & tube using an Anton Paar
basic constituents of the lyotropic liquid crystpfg. Usually  instrument consisting of a microcelDMA-602 HT) and a
the density with high resolution is determined by either theprocessing uniilDMA60). The sample temperature was con-
vibration densitometer or classical dilatometer. However, thérolled by means of a Haake K-20/DC-5 circulating tempera-
use of the vibrating densitometer in the amphiphilic liquid- ture bath. The temperatures of the sample were stable at 10
crystal density measurements brings up some controversy imK. The constant calibration of the densitometer was deter-
the literaturd 7,8]. mined from the water and air values, respectivgl,13.

The main purpose of this paper is to present new densitppecial care was taken during the experiments to ensure that
measurements focusing on this interesting issue. We presetittere were no air bubbles in liquid-crystalline samples. The
density studies on the 4-methoxybenzylidee-4 precision in the density measurements was1® ° g/cn?.
butlylamiline (MBBA) system and a micellar system In this experiment the sample is placed inUatube with
octylammonium chloridé OACI)—55 wt %) and water(45 internal diameter of 2 mm. The curved part of the sample
wt %), near the nematic-isotropic phase transition andube was electronically stimulated in an undamped harmonic
hexagonal-isotropic phase transition, respectively. These syfashion. The direction of oscillation was perpendicular to the
tems were ideally chosen for this study because near thelane of theU-shaped sample tube. Thetube was clamped
nemati¢hexagonagtisotropic phase transition they show a so that the vibration amplitude was larger in the curved part
well-defined discontinuity in density9,10]. The resulting of the tube. The measured periff] is most sensitive to the
data reported were obtained with both the vibrating densitodensity in the curved part of the tube. The same measure-
meter and a classical dilatometer. The data from the twanents were also realized in both liquid-crystal systems using
methods show a pronounced difference in density in the classical dilatometer with a large cylindrical tube with 8
OACI system near the hexagonal-isotropic phase transitiormm of internal diameter and 10 cm in length. The dilatom-
A similar behavior has been observed in another micellaeter had a sensitivity larger thanxd.0 ® g/cn?® and a flat
system[7] in the nematic to isotropic phase transition. Oncapillary with area of 0.9 mfmand 15 cm in length was
the other hand, for the thermotropic MBBA there was prac-attached to it. The height of the capillary column was mea-
tically no difference in the observed density behavior. Thissured by means of an optic system that made it possible to
difference between the measurements determined throughke measures with an gm per division graduate scale
densitometer and dilatometer in the micellar system has beeadapted to a cathetometer, with the possibility of detecting
associated with the occurrence of complex nonequilibriumvolume changes of X 10™® cm®. The phase transition tem-
configurations induced by the vibration of the sample conperatures were checked by using a polarized light micros-
tainer in the densitometer experimdmt. Nevertheless, in copy, in the bulk and sealed in flat capillaries.
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Temperature (°C) FIG. 2. Density vs temperature at hexagonal-to-isotropic phase

FIG. 1. Density vs temperature at nematic-to-isotropic phaséransition in the OACI system. These values were obtained from
transition in the MBBA system. Nemat sample. Ref.[10]. HexagonaH,, sample.

observed near the nematic-isotropic phase transition was
RESULTS AND DISCUSSION similar to ours: it appears only in the densitometer experi-
ments, but was not detected in the dilatometer experiments.
The authors have suggested that the difference in the density
measurements is probably related to the vibration oflthe
be in the densitometer experiment. Moreover, the micelle

The density results for MBBA in the vicinity of the
nematic-to-isotropic transition measured by both densitom
eter and the dilatometer are shown in Fig. 1. No hysteresi

was observed in these experiments between the cooling afge raction with the container boundary surface is very com-
heating cycles. The density readings were obtained in abo_ ex and a behavior distinct from the one presented by ther-

20 min after each temperature changc_a. N_ote that the densi otropic systems was revealEt¥]. The physical properties
change at the nematic-isotropic transition is well defined, and.\ jived in this process have not been completely under-

corresponds o a discontinuity in the density of approXi-gy,qq yet. In this sense, the combination of the nonequilib-
mately 210" ° g/cn?. This experimental result is consis- j,m state of the sample, induced by the vibration of the
tent with the thermodynamic definition of a first order tran- sample containefcurved part of thaJ tube), associated with

sition and with other experimental data obtained withy,nqary surface defects can produce a change in the density
different techniques for the same thermotropic phase transyja|yes determined by the densitometer experiments when
tion [9]. In Fig. 1, there is no noticeable difference bet""ee”different micellar systems are considered.

the behavior of the density data of the densitometer and that |, ~onclusion. we have carried out a detailed comparison

of the dilatometer. Therefore, despite using the vibratingyeyeen densitometer and dilatometer measurements in two

tube densitometer, this fact was not significant enough gq,iq_crystal systems. Our experimental data confirm that, in
change the equilibrium configurations of the thermotropic, mice|iar system, there is a difficulty in the utilization of the

system, as suggested by another densitometer experiment §sjtometer for the density measurements near the phase

a micellar systenf7]. _ transition (see Fig. 3. However, for a thermotropic liquid
On the contrary, Fig. 2 clearly shows a pronounced dif-

ference in the measured density values of the OACI system T y T N T T T

in the hexagonal phase. The trends of the experimental 523 [ . 20°2 " o Dilatometer 7

. . . . . opo o PRDO o ° b
curves obtained with both experimental techniques are simi- _ , ¢4 L o o Densitometer -
lar. In order to make the density difference explicit, we have g ]

plotted in Fig. 3 the differencéAp) from the extrapolated 2 375 | o
linear density values of the isotropic phase. The densitometer 2 [
measurements exhibit step density changes, at the a 300

hexagonal-isotropic transition, which is about five times 225 | H. . ! 4
larger than the one detected in the dilatometer experiments. © s |
This means that the density measured by the densitometer it T oasof -
being, in some way, amplified in relation to the density de- [ 000 80000 000, o 1
termined by the dilatometer. The comparison of the dilatom- 075 [ °°°°°ch . ]
eter data with those of the densitometer clearly shows that ol % 6e agh 8888
the observed change may have occurred due to a micellal L 4 . ‘ L : !
packing in the hexagonal phase. To our knowledge, there is 34 35 36 37

no independent measurements of this parameter regarding
this micellar system. Boden and Jollgg] measured the den-
sity of the CsPFO and water micellar system in lamellar, FIG. 3. Temperature dependence of the difference of the density
nematic, and isotropic phases. The density variation that thegAp) for measurements of Fig. 2, as described in the text.

Temperature {°C)
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crystal, the comparison between the densitometer and theasic units, these systems are complex structures consisting
dilatometer data demonstrates that the observed densities asEmixtures of amphiphilic molecules and a solvégener-
nearly the same in the nematic thermotropic phase. Addially wates.

tional experiments with other thermotropic systems and a

study of the critical exponent near smectie-cholesteric

transition are in progress. In this way, we believe that the ACKNOWLEDGMENT

experimental fact reported here can be extended to different

thermotropic liquid crystals. Finally, it is important to men-  We are indebted to Conselho Nacional de Desenvolvi-
tion that the thermotropic liquid crystals differ strongly from mento Cientifico e Tecnotpco (CNPg for financial sup-

the micellar systems. Having anisotropic micelles as theiport.
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