Volume 1 Issue 1

SURFACE SCIENCE
An International Journal
Full Paper
SSAIJ, 1(1), 2016 [009-014]

Anisotropic molecular orientation of opto-electrical and density studies on induced mesomorphism liquid crystalline materials
T.N.Govindaiah
Post-Graduate Department of Physics, Government College (Autonomous), Mandya-571401, (INDIA)
E-mail: tngovi.phy@gmail.com

KEYWORDS

ABSTRACT
In the present work, our investigation is carried out to study on the optical- electrical properties of multi-component system of Mefenamic acid
(MA), Ethanol+Poly Ethylene Glycol (E+PEG). Mixtures of these molecules exhibit a smectic-A, smectic-C, smectic-E and smectic-B phases
sequentially when the specimen cooled from its isotropic phase. These
phases have been characterized by using microscopic technique. The temperature variations of optical-density and ultrasonic measurements and
electrical conductivity have been discussed.
 2016 Trade Science Inc. - INDIA

INTRODUCTION
Liquid crystals are primarily liquids but also
share properties of crystalline materials. Usually,
liquids are characterized by isotropic macroscopic
properties and by the ability to flow while crystals
are characterized by long range positional order
which leads to anisotropic macroscopic properties.
Like liquids, liquid crystals exhibit fluidity. They
are made up of organic molecules characterized by
anisotropic molecular properties and by short range
molecular interactions which couple over many molecular diameters to produce long range orientational
order[1, 2]. These characteristics results are in anisotropic macroscopic properties such as birefringence,
density, susceptibilities and optical studies etc.
In the present investigation, our aim is to carry
out the study of different properties of multi-component system of liquid crystalline materials[3, 4]. All

Molecular orientation;
Optical textures;
Optical anisotropy.

concentrations of given mixtures exhibits a induced
polymorphism of different smectic phases sequentially when they are cooled from its isotropic melt.
The temperature variations of optical anisotropy and
electrical conductivity have been discussed.
EXPERIMENTAL STUDIES
Mixtures of different concentrations of MA in
(E+PEG) were prepared and were mixed thoroughly.
These mixtures of various concentrations of MA in
(E+PEG) were kept in desiccators for a long time.
The samples were subjected to several cycles of
heating, stirring, and centrifuging to ensure homogeneity. The phase transition temperatures of these concentrations were measured with the help of Leitz
polarizing microscope in conjunction with a hot
stage. The samples were sandwiched between the
slide and cover slip and were sealed for micro-
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scopic observations. A capillary Pycnometer with a
diameter of about 0.2 mm was used for density measurements. The permitted temperature control was
± 0.1oC. The level of liquid crystal in the capillary
was read to ± 0.01mm with a cathetometer. The absolute error in the density measurements was Äñ = ±
0.0001 g/cc. Electrical-conductivity measurements
of the mixture at different temperatures were carried out using digital LCR meter and a proportional
temperature control unit. IR spectra at 299 K were
recorded using a Perkin–Elmer IR spectrometer to
understand the layer structure and intermolecular
interaction.

Focal conic fan-shaped texture of SmA phase at temperature 150 0C.

RESULTS AND DISCUSSIONS
Optical texture studies
The polymorphic smectic modifications and the
corresponding isotropic to liquid crystalline phase
transition temperatures for the mixture with 30% of
MA+ (E+PEG) are given below.
Iso-160 0C, SmA-145 0C, Sm C-130 0C, SmE-102 0C,
SmB-47 0C.

On cooling the specimen from its isotropic melt,
the setting point is marked by the genesis of nucleation at several points which appear as minute
bubbles initially, but which progressively grow radially and form a focal conic fan texture of smecticA phase in which the molecules are arranged in layers and the texture is shown in Figure 1(a). This
phase appears to be meta-stable, which undergoes
slow transformations to give a schlieren texture of
smectic-C phase as shown in Figure 1(b). On further cooling, the schlieren texture of smectic-C phase
slowly changes over to radial striation[5, 6] of smectic-E phase as shown in Figure 1(c). In the same
way: on further cooling the specimen, smectic-E
phase slowly changes over to paramorphotic[7] focal conic fan-shaped texture of highly ordered smectic-B phase, in which the molecules are arranged in
hexagonal close-packed structure. At this transition:
phase changes from smectic-E to smectic-B phase
and hence it is clearly observed that: there is a drastic change in the values of refractive index and
electro-conductivity of the given mixture[8, 9]. This
anomalous behavior is presumably associated with
the high degree of order of molecular arrangement

Schlieren texture of SmC phase at temperature 130 0C.

Focal conic fans with radial striation of smectic-E phase
at temperature 112 0C.
Figure 1 : Microphotographs obtained in between the
crossed polars

in smectic-B phase and then it becomes crystalline
phase at room temperature. It can be noticed that,
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the observed phase transition temperatures are different from the values have been observed in a similar
type of study by TNG and Nagappa et al.,[10, 11] in
which the mixture of a different compound with organic solvents has been studied. Hence, the interaction of organic solvents looks to be different with
different compounds.
Density measurement
Temperature variations of density for the sample
of 40% MA in (E+PEG) as shown in the Figure 2,
which clearly illustrates that: the density increases
linearly with decrease of temperature in the optical
region between isotropic and crystalline phase of
given mixture. The phase transition is very nearer to
isotropic and smectic-A region, in this transition at
particular region a sudden jump has been observed
in the values of density. A sudden jump in the value
of density shows the increases its value hence it indicates that: the phase transition region in between
isotropic and smectic-A phase transition is probably first order. A sudden jump in the value of density at optical region is attributed to a sudden change
in the molecular structure, that they were confirmed
macroscopically by microscopic technique. The
higher values of density in the smectic-A phase region are more than that of in isotropic region: which
clearly indicates that, the tendency of increasing
molecular order is more with decrease of temperature[12, 13], the pre-transitional effects at optical re-

gion between isotropic and smectic-A phase transitions are found to observed on the lower side of the
transition, which supported by Maier-Saupe
theory[14]. After isotropic transition, at smectic-A
phase region the density of given mixtures increases
linearly with decrease of temperature and then at
the optical region between smectic-A and smecticC phase transition: the values of density show an
increasing nature. From the measured of higher value
of density of the given mixture and the literature survey of thermal expansion coefficient clearly indicate that: the transition is first order. The measured
higher value of density and thermal expansion coefficient indicate that: the phase transition is first order. Our measurements are in accordance with Torza
and Cladis on CBOOA. Densities of the given mixtures are increases gradually with decrease of temperature in smectic-C phase. The increasing values
of densities: that has been experimentally observed
at different optical regions with decrease of temperature towards the crystalline phase. The structural confirmations of molecular density of different
liquid crystalline phases such as smectic-A–smectic-C-smectic-E–smectic-B phases have been macroscopically observed by microscopic technique at
different concentrations and at different temperature.
The measurements of increasing values of densities
across at different optical regions are more predominant than one to other optical regions.
Conductivity measurements

Figure 2 : Temperature variations of density for the sample of 40% MA in (E+PEG)
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Electrical-conductivity measurements help in
getting better idea on the phase behavior with temperature. An abrupt increase or decrease of electrical-conductivity with temperature relates to the
phase behavior of the lyotropic and thermotropic
systems[15]. The temperature variations of electrical
conductivity are shown in Figure 3, which clearly
illustrates that there is some change in the value of
electrical conductivity from 50 0C to 155 0C, while
cooling from isotropic phase for the mixture of 40%
of MA+(E+PEG). Mixture of 30% MA+ (E+PEG),
the sequence of phases have been changes from IsoSmA-SmC-SmE-SmB phases respectively at different temperatures. Here it has been found that: the
electrical conductivity goes on increasing as the temperature decreases. This suggests that aggregated
molecular size starts growing towards lower temperatures and then the system becomes more ordered[16-22].
IR studies
In this study, prodrugs of mefenamic acid serve
as building blocks of the unit. In this unit, if we have
been observed how atoms are connected together,
which bonds are single, double, or triple and we
can explain what functional groups exist in the given
molecules. From the fundamental IR spectroscopic
display, we have been observed two regions such
as group frequency region (4000-1250cm-1) and finger print region (1250-400cm-1). In the group fre-

quency region absorption bands are characteristic
of specific groups of atoms and relatively independent of composition of the rest of the molecule. In
Group Frequency region, the vibrational frequency
of a given functional group can be pin pointed to a
much narrower range of frequencies. The group frequency region is extremely useful for diagnosing the
presence or absence of certain functional groups. In
finger print region, the vibrational frequencies are
profoundly affected by the molecular structure as a
whole. Therefore bands in this region are considered specific for a particular molecule rather than
for a particular functional group. From the IR spectrum we extract the information’s of IR spectral data
(OH -3433, NH-3311, C=O-1649), which indicated
the standard pro-drug of mefenamic acid had COOH
groups. The structures of PEG 1500/6000-mefenamic acid (OH -3433, 2o NH-3311, C-O-C-1149,
CH str-2886, C=O-1649) were confirmed by IR.
From this observation which we confirm that
carboxyli group of mefenamic acid formed an ester;
the structures are as shown in scheme I and it is
presented in Figure 4. The Figure 5 shows IR spectra for the mixture of MA+(E+PEG). From the Figure 5, the attached group of mefenamic acid, PEG
and ethanol were confirmed by IR spectra and hence
it is observed that functional group can be pin
pointed[23] to a much narrower range of frequencies
1649.92 cm-1. We are concluded the expected functional group (C=O) esters are present in our prod-

Figure 3 : Temperature variation of electrical-conductivity ó (x 10-9 &!-1 m-1) for the sample of 40% of MA+ (E+PEG)
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Figure 4 : The molecular attachment of sheet like structure for the sample of MA+ (E+PEG)

Figure 5 : IR spectra obtained for the mixture of MA+ (E+PEG)

uct. This clearly shows that mefenamic acid is associated with ethanol and polyethylene glycol helps to
form the lyotropic smectic phases. Lyotropic
mesophases are characterized by lamellar, hexagonal and cubic structures. In lamellar domain most of
the defects are spherulitic or batonnets where the

molecular packing with spherical bilayers in the
form of onions. The Friedels oily streaks[24-26] are
also observed. Occasionally the mixtures of higher
concentrations of amphiphilic compounds exhibit
classic focal conic domains, which are characterized by a fan shaped texture.
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CONCLUSIONS
In light of the above results, we have drawn the
following conclusions. Multi-component system of
MA+ (Ethonal+PEG) shows the existence of IsoSmA-SmC-SmE-SmB phases for different concentrations of given mixture. The changes in value of
electrical conductivity with the variation of temperature unambiguously correspond to induced polymorphic smectic phases. Drastic changes in electrical
conductivity are expected to be due to changes in
the dimension of disks along with changes in the orientation order of the arrangement. From the IR studies: the arrangement of attached molecules in the
present mixture clearly shows how the carboxyl
groups are present and hence to form esters in given
mixture. This studies helps us to understand the molecular orientations of given molecules shows the
existence of lamellar, hexagonal and cubic liquid
crystalline phases.
ACKNOWLEDGMENTS
T.N.G. thanks the University Grants Commission,
New Delhi, India for the financial assistance under
the Minor Research Project Scheme (MRP(S)-0161/
12-13/KAMY022/UGC-SWRO).
REFERENCES
[1] De P.G.Gennes, J.Prost; The physics of liquid crystals, Clarendon Press: Oxford, U.K., (1975).
[2] Bahadur, B.Edtn; Liquid crystals-applications and
uses, Singapore: 1-3 World Scientific, (1990).
[3] L.V.Choudary,
J.V.Rao,
P.N.Murty,
C.R.K.Z.Murty; Naturforsch, 38a, 762 (1983).
[4] T.N.Govindaiah, H.R.Sreepad; Molecular Liquids,
202, 75-78 (2015).
[5] D.Demus, C.Richter; Textures of liquid crystals,
Weinheim (NY): Verlag Chemie, (1978).
[6] D.Revanasiddaiah,
D.Krishnamurti;
Mol.Cryst.Liq.Cryst., 101, 103-127 (1983).

[7] K.Fantel, L.Mandell, P.Ekwall; Acta.Chem.Scand.,
22, 3209 (1968).
[8] T.N.Govindaiah, H.R.Sreepad, Nagappa,
P.Nagendra; Mol.Cyst.Liq.Cryst., 605, 82-88
(2014).
[9] T.N.Govindaiah, H.R.Sreepad, B.K.Kempegowda,
Nagappa; Mol Cryst Liq.Cryst., 587, 54-59 (2013).
[10] Nagappa, J.Mahadeva, R.H.Naik, P.R.Alapati;
Mol.Cryst.Liq.Cryst., 304, 409-414 (1997).
[11] T.N.Govindaiah, H.R.Sreepad, Nagappa;
Mol.Cryst.Liq.Cryst., 609, 93-99 (2015).
[12] F.P.Price, J.H.Wendorff; 1.Phys.Chem., 75, 2839
(1971).
[13] F.P.Price, J.H.Wendorff; 1.Phys.Chem., 76, 2605
(1972).
[14] W.Maier, A.Z.Saupe; Naturforsch, 12a, 564 (1958).
[15] T.N.Govindaiah, H.R.Sreepad, Nagappa;
Mol.Cryst.Liq.Cryst., 609, 61-69 (2015).
[16] M.Marthandappa, Nagappa, K.M.Lokhanatha Rai;
J.Phys.Chem., 95, 6369-6372 (1991).
[17] C.Methemitis, M.Morcellet, J.Sabbadin, Francois;
J.Euro.Poly.J., 22, 619-624 (1986).
[18] T.N.Govindaiah,
H.R.Sreepad,
P.M.Sathyanarayana, J.Mahadeva, Nagappa;
Mol.Cryst.Liq.Cryst., 552, 24-32 (2012).
[19] M.B.Pandey, R.Dhar, A.S.Achalkumar,
C.V.Yelamaggad; J.Phys.: Cond.Matter., 19, 436219
(2007).
[20] A.I.Goncharuk, N.I.Lebovka, L.N.Lisetski,
S.S.Minenko; Journal of Physics D:Applied Physics, 42(16), 165411 (2009).
[21] M.O.Lisunova, Y.P.Mamunya, N.I.Lebovka,
A.V.Melezhyk; Eur.Polym.J, 43, 949-958 (2007).
[22] V.V.Ponevchinsky, A.I.Goncharuk, V.G.Denisenko,
N.I.Lebovka, L.N.Lisetski, M.I.Nesterenko,
V.D.Panikarskaya, M.S.Soskin; Proc.SPIE.,
doi:10.1117/12.2000064, 8637, 86370V (2013).
[23] T.Pringsheim, W.J.Davenport, D.Dodick; Neurology, 70(17),1555-1563 (2008).
[24] R.Prathiba, N.V.Madhusudana; J.Physiquell, 2, 383
(1992).
[25] G.W.Gray, J.Goodby; Smectic Liquid Crystals, Leon
and Hill: Glassgow, (1984).
[26] G.Friedel; Ann Phys.France, 2, 273 (1972).

