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ABSTRACT

We report the results of our studies on the optical and thermal properties
of the mixture of two non-mesogenic compounds viz., Berberine (BBE)
and Orthophosphoric Acid (H

3
PO

4
). The mixture exhibits very interesting

induced smectic phases, such as SmA, SmC* and SmE phases for differ-
ent concentrations of BBE sequentially when the specimen is cooled
from its isotropic phase. Different liquid crystalline phases observed in
these mixtures were studied using DSC, X-ray and Optical microscopic
techniques. The temperature variation of optical anisotropy has also been
discussed. Helfrich potential and Elastic moduli have been estimated in
the smectic phase using Helfrich model.
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INTRODUCTION

Thermotropic and Lyotropic liquid crystallline ma-
terials are possessing one or more mesophases between
the isotropic liquid and the solid phase. The mesophase
sequence, observed when the temperature is changed,
is due to a sequential ordering of molecular arrange-
ments. There is a special class of lyotropic liquid crys-
tals, called lyotropic chromonic liquid crystals (LCLC).
The LCLC family embraces a range of dyes, drugs,
nucleic acids, antibiotics, carcinogens, and anti-cancer
agents. The shape of molecules is then fundamental to
determine the features of this sequence. The conven-
tional lyotropic liquid crystals are based on amphiphilic
rod-like molecules with polar heads and hydrophobic
alkyl chain tails, also referred to as surfactants. LCLC

molecules are believed to be plank-like rather than rod-
like, rigid rather than flexible, aromatic rather than ali-
phatic. The material can achieve a nematic phase
characterised by an orientational order of molecules. In
the smectic phases, the order increases: besides the
orientational order, the molecules have an arrangement
in layered structure, in some cases with tilt (smectic C)
or positional order within the layers (for instance in
smectic B)[1-7].

In present study the material being strongly aniso-
tropic, with optical birefringence properties, a common
technique applied to detect the liquid crystalline
behaviour in the polarized microscopy, the sample was
sandwiched between the slide and cover slip, typically
with thickness of about 20 to 30 microns. The tem-
perature driven phase transitions are the most beautiful
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phenomena that can be observed, with sudden changes
of colours and textures of different liquid crystalline
phases observed and they have been verified from the
results of DSC and X-ray studies. In light of the above
investigations, an attempt has been made to understand
the coupling between aggregate structure and the
mesophase order in light of the observations regarding
lyotropic chromonic liquid crystals[8], where-in, it has
been observed that, the aggregates formed at low con-
centrations are not large enough to align, and, at larger
concentrations, aggregate size increases into supramo-
lecular assemblies. The exact size of the aggregates is
concentration dependent, and birefringence only occurs
when it is energetically favorable for the aggregates to
orient themselves in a uniform direction, which requires
them to be sufficiently large. Observation of lyotropic
chromonic liquid crystalline nature in a mixture has been
reported in this paper. Helfrich potential and elastic modulii
have been estimated in the lamellar smectic phases using
Helfrich model with approximation.

MATERIALS UNDER STUDY

Berberine

Berberine is a quaternary ammonium salt from the
protoberberine group of isoquinoline alkaloids. It is
found in such plants as Berberis. As a traditional medi-
cine or dietary supplement, berberine has shown some
activity against fungal infections, Candida albicans, yeast,
parasites, and bacterial/viral infections[9,10]. Berberine
seems to exert synergistic effects with fluconazole even
in drug-resistant Candida albicans infections[11].

Berberine is considered to be an antibiotic[12,13].
When applied in vitro and in combination with
methoxyhydnocarpin, an inhibitor of multidrug resistance
pumps, berberine inhibits growth of Staphylococcus
aureus[14] and Microcystis aeruginosa[15] a toxic
cyanobacterium. Berberine is a component of some eye
drop formulations. There is some evidence it is useful in
the treatment of trachoma[16], and it has been a stan-
dard treatment for leishmaniasis[17]. Berberine lowers
elevated blood total cholesterol, LDL cholesterol, trig-
lycerides and atherogenic apolipoproteins[18,19].

Ortho phosphoric acid

Ortho phosphoric acid is used in dentistry and orth-
odontics as an etching solution, to clean and roughen

the surfaces of teeth where dental appliances or fillings
will be placed. It is also an ingredient in anti-nausea
medications that also contain high levels of sugar. It is
used for high-performance liquid chromatography and
it is the ingredient that provides acidity to Coca-Cola
and Pepsi sodas and even used as a pH adjuster in
cosmetics and skin-care products[20].

The structural formulae of Berberine and Ortho-
phosphoric acid are shown in Figures 1(a, b).

Figure 1(a) : Structural formula of the berberine (BBE) mol-
ecule

Figure 1(b) : Structural formula of the ortho-phosphoric acid
(H

3
PO

4
) molecule

EXPERIMENTAL

Mixtures of twenty different concentrations of BBE
in H

3
PO

4 
were prepared and they were mixed thor-

oughly. These mixtures were kept in desiccators for six
hours. Samples were subjected to several cycles of
heating, stirring and centrifuging to ensure homogene-
ity. Phase transition temperatures of these mixtures were
measured with the help of a polarizing microscope in
conjunction with a hot stage. The samples were sand-
wiched between the slide and cover slip and were sealed
for microscopic observations. DSC thermograms were
taken for mixtures of all concentrations using the Perkin-
Elmer DSC II Instrument facility available at Raman
Research Institute, Bangalore, India. The phase dia-
gram was obtained by plotting the phase transition tem-
peratures of the mixtures, which were determined by
the DSC studies as a function of concentrations of BBE
in H

3
PO

4
. The phase diagram (Figure 3) clearly indi-

cates that the mesomorphism of the mixture is thermo-
dynamically stable but only partially ordered phases and
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each mesophase is described by its own degree of or-
der. The X-ray diffraction studies were done using Jeol
X-ray diffractometer at various temperatures for dif-
ferent concentrations, which exhibit a smectic phase[21-

23]. The density and refractive indices of the mixtures
were measured at different temperatures employing the
technique described in our earlier paper[24].

RESULTS AND DISCUSSION

Optical studies

The polymorphic smectic modifications and the cor-
responding isotropic to liquid crystalline phase transi-
tion temperatures for the mixture with 60% of BBE in
H

3
PO

4 
are given below.

Iso-141oC, SmA-108 oC, SmC*-64.5 oC, SmE -40.2oC.

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 ini-
tially, but which progressively grow radially and form a
focal conic fan texture of smectic-A phase in which the
molecules are arranged in layers and the texture is shown
in the Figure 2(a). The SmA phase is unstable and then
changes over to SmC* phase, which exhibits radial
fringes on the fans of focal conic textures, which are the
characteristics of chiral SmC* as shown in Figure 2(b).
The molecular twist can be of the constituent molecules
in the chiral smectic-C phase and they posses point
symmetry in relation to their asymmetric centers, when
they are packed in the form of layers, where the mo-
lecular long axes are tilted with respect to the layer planes
and the phase has C

2
 symmetry[25,26]. The stacking of

the layer planes on the other results in the tilt possessing
about normal to the layers creating macroscopic helical
structures. On further cooling, this phase changes over
to the crystalline SmE phase, which remains up to room
temperature.

The partial phase diagram shown in Figure 3, il-
lustrates that the mixture with concentrations from 10%
to 85% of BBE exhibits a SmA, SmC* and SmE

 
phases

sequentially when the specimen is cooled from its iso-
tropic melt. The mixture with concentrations from 10%
to 20% of BBE does not exhibit SmC* phase but ex-
hibits SmA and SmE phases only. The interesting fea-
ture of phase diagram of the present mixture is that it
exhibits the unusual sequence of chiral SmC* phase in
the mixture with concentrations ranging from 20% to

85% of BBE with the temperature range of 720C to
1230C. The molecular structure of BBE is shown in
Figure 1(a). It can be clearly seen from the molecular
structure that it does not contain the alkyl chains. It
might be the reason for the exhibition of interesting
phase sequence by the mixture containing this com-
pound which is departing from the conventional se-
quence of phases.

Observation of optical textures clearly shows that
the mixture is exhibiting the nature of lyotroic chromonic

Figure 2 : Microphotographs obtained in between the crossed
polars, (a) Focal conic fan shaped texture of SmA (Lamellar)
phase (250X); (b) Chiral SmC* phase (180X)

Figure 3 : Partial phase diagram for the mixture of BBE in
H

3
PO

4

liquid crystals[8]. Up to 10% concentration of BBE in
H

3
PO

4
, the mixture is not showing any clear mesophase.

The mixture exhibits only a birefringent region and it is
difficult to associate the texture with any of liquid
mesophases. The most remarkable feature of these BBE
molecules is the tendency of their constituent parts to
segregate in space with the creation of interfaces. Evi-
dently the polymorphism seems to be entirely depend-
ing on the interfacial behaviour and this behaviour ulti-
mately leads to the limiting of the polymorphism for
homogeneous interfaces for higher concentrations of
BBE molecule. It can be noticed that the phase transi-
tion temperatures observed in the present study are dif-
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ferent from the values observed in a similar type of study
by Nagappa et al.[27] in which the mixture of a different
compound with H

3
PO

4
 has been studied. Hence the

interaction of H
3
PO

4
 looks to be different with different

compounds.

X-ray studies

To understand the change in layer spacings in smec-
tic-A and smectic-C* phases with respect to tempera-
ture, X-ray diffractometer traces were taken. The traces
obtained for the mixture of 60% BBE in H

3
PO

4 
at dif-

ferent temperatures correspond to smectic-A and smec-
tic-C* phases. It is observed that, as the temperature
increases the layer spacing also increases in smectic-
C* phase, but in smectic-A phase the layer spacing is
almost constant[28-30] and these variations are as shown
in Figure 4.

Optical anisotropy

Figure 6. From the figure, it can be observed that wher-
ever there is an isotropic-liquid crystalline phase transi-
tion, the value of electrical susceptibility changes ap-
preciably, which indicates that each change corresponds
to various smectic modifications. Further, with increase
in the concentration of BBE, the value of electrical sus-
ceptibility decreases with temperature, because the ef-
fective optical anisotropy associated with the molecules
of BBE also decreases.

Helfrich potential and elastic modulus

Figure 4 : Variation of layer spacing with temperature

Results of this investigation are further supported
by the optical studies. The refractive indices for ex-
traordinary ray (n

e
) and ordinary ray (n

o
) of the mixture

were measured at different temperatures for different
concentrations using Abbe Refractometer and preces-
sion Goniometer Spectrometer. The temperature varia-
tions of refractive indices for 60% of BBE in H

3
PO

4 
are

as shown in Figure 5. The value of n
e
 is greater than n

o
,

indicating that the material is uniaxial positive. The val-
ues of electrical susceptibility for 60% of BBE in H

3
PO

4

have been calculated using Neugebauer relation[31] at
different temperatures. The temperature variations of
electrical susceptibility for the mixture are as shown in

Figure 5 : Temperature variation of refractive indices for the
mixture of 60% BBE in H

3
PO

4

Figure 6 : Temperature variation of electric susceptibility
for the mixture of 60% BBE in H

3
PO

4

The free energy of steric inter-membrane interac-
tion exists between undulating neighbouring membranes,
when they are side by side in the multilayer systems[32].
The undulation modes in multilayer systems can be
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treated in terms of the de Gennes theory[33] of fluctua-
tions in smectic phase, which invokes curvature elastic-
ity and smectic compressibility. To estimate the Helfrich
potential (V ()), we consider the free energy per unit
area,

2
0

2
B

k

)Tk()(V


 (1)

where =32/128, (k
0
/k

B 
T)=0.75 (The repulsive force

between the membranes), k
0
=bare bending constant,

k
B
 is the Boltzman constant.

The V () of membrane varies with inverse square
of the membrane spacing assumed that the local tilt of
the membrane induced by undulations remains in effect
well below /2.  is mean membrane separation. Here
it has been considered that  is equal to d[34], and its
value is 26.53 Å.

Variations of Helfrich potential along with the con-

Figure 8. From the graph it is observed that as the con-
centration of BBE decreases, the value of bulk modu-
lus also decreases.

The reason for the small values of electrical sus-

centrations of BBE are as shown in Figure 7 and it is
very interesting to note that, the Helfrich potential value
increases as the concentration of the BBE increases.
This result invokes that in dilute region of the mixture, V
() value is low. This is supported by the nature of varia-
tion exhibited by the elastic modulus.

The elastic modulus (K)[34] of smectic compress-
ibility is calculated using the relation,

dk
)Tk(

64
3

c

2
B

2
K  (2)

where k
c 
is curvature elastic modulus.

The elastic modulus is also estimated for the mix-
ture of different concentrations at various temperatures.
The graph obtained by plotting the elastic modulus as a
function of the concentration of BBE is presented in the

ceptibility, bulk modulus and Helfrich potential in low
concentrations is due to the lesser value of density in
which the interaction of smectic layers with the
neighbouring layers is very less.

CONCLUSIONS

Microscopic investigation of the binary mixture of
BBE and H

3
PO

4 
shows the existence of induced smec-

tic phases, such as SmA, SmC* and SmE phases for
different concentrations of BBE molecule. An observa-
tion from the various studies of this unconventional se-
quence clearly indicates that the mixture is exhibiting
the lyotropic chromonic liquid crystalline nature. At lower
concentrations of BBE in H

3
PO

4
, the aggregates are

not aligned and they start aligning as the concentration
increases at higher temperatures. The drastic changes
in the values of density, refractive index and anisotropy
of polarizability with temperature unambiguously cor-
respond to smectic phase. The nature of temperature
variation of layer spacing in SmC* and SmA phases
look to be different as observed from X-ray diffraction
studies.
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