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

the smectic phase using Helfrich model.
© 2012 TradeSciencelnc. - INDIA

INTRODUCTION

Thermotropicand Lyotropicliquid crystdllinema:
terid sarepossessing one or more mesophases between
theisotropicliquid and the solid phase. The mesophase
sequence, observed when thetemperatureischanged,
isdueto asequential ordering of molecular arrange-
ments. Thereisaspecial classof lyotropicliquid crys
tas, caledlyotropicchromonicliquid crystas(LCLC).
The LCLC family embraces arange of dyes, drugs,
nucleic acids, antibiotics, carcinogens, and anti-cancer
agents. Theshape of moleculesisthen fundamental to
determinethefeatures of thissequence. The conven-
tiona lyotropicliquid crysta sarebased on amphiphilic
rod-like mol eculeswith polar heads and hydrophobic
alkyl chaintails, alsoreferredto assurfactants. LCLC

moleculesarebelieved to be plank-likerather than rod-
like, rigidrather than flexible, aromatic rather than ali-
phatic. The material can achieve a nematic phase
characterised by an orientationa order of molecules. In
the smectic phases, the order increases: besides the
orientationa order, themolecul eshave an arrangement
inlayered structure, in some caseswithtilt (smectic C)
or positional order within thelayers (for instancein
smectic B)1+7,

In present study the material being strongly aniso-
tropic, with optica birefringence properties, acommon
technique applied to detect the liquid crystalline
behaviour inthe pol arized microscopy, the samplewas
sandwiched betweenthedideand cover dip, typically
with thickness of about 20 to 30 microns. The tem-
perature driven phasetrangitionsarethe most beautiful
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phenomenathat can be observed, with sudden changes
of coloursand textures of different liquid crystalline
phases observed and they have been verified fromthe
resultsof DSC and X-ray studies. Inlight of theabove
investigations, an attempt has been madeto understand
the coupling between aggregate structure and the
mesophase order inlight of the observationsregarding
lyotropic chromonicliquid crystal 8, where-in, it has
been observed that, the aggregatesformed at |ow con-
centrationsare not largeenoughto align, and, at larger
concentrations, aggregate Sizeincreasesinto supramo-
lecular assemblies. Theexact Sizeof theaggregatesis
concentration dependent, and birefringence only occurs
whenitisenergetically favorablefor the aggregatesto
orient themsdlvesinauniformdirection, which requires
them to be sufficiently large. Observation of lyotropic
chromonicliquid crystalinenatureinamixturehasbeen
reportedinthispaper. Hdfrich potentid and dagticmodullii
havebeen estimated inthelamdlar smectic phasesusing
Helfrich model with gpproximation.

MATERIALSUNDER STUDY

Berberine

Berberineisaquaternary ammonium sat fromthe
protoberberine group of isoquinolineakaloids. Itis
found in such plantsasBerberis. Asatraditiona medi-
cineor dietary supplement, berberine hasshown some
adtivity againg fungd infections, Candidad bicans, yeedt,
parasites, and bacteria/vird infectiong®%, Berberine
seemsto exert synergistic effectswith fluconazoleeven
indrug-resistant Candidadbicansinfectiong®¥.

Berberineis considered to be an antibioticl!23,
When applied in vitro and in combination with
methoxyhydnocarpin, aninhibitor of multidrug resstance
pumps, berberineinhibitsgrowth of Staphylococcus
aureus*¥ and Microcystis aeruginosa® a toxic
cyanobacterium. Berberineisacomponent of someeye
dropformulations. Thereissomeevidenceitisuseful in
the treatment of trachoma®, and it has been a stan-
dard treatment for |eishmaniasig*”). Berberinelowers
elevated bloodtotal cholesterol, LDL cholesteral, trig-
lycerides and atherogenic apolipoproteing 819,

Ortho phosphoricacid

Ortho phosphoricacidisused indentistry and orth-
odonticsasan etching solution, to clean and roughen

= Pyl Paper

thesurfacesof teeth where denta appliancesor fillings
will beplaced. It isaso aningredient in anti-nausea
medicationsthat a so contain high levelsof sugar. Itis
used for high-performanceliquid chromatography and
itistheingredient that providesacidity to Coca-Cola
and Pepsi sodas and even used as a pH adjuster in
cosmetics and skin-care productg?.

Thestructura formulae of Berberineand Ortho-
phosphoric acid areshownin Figures1(a, b).
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Figurel(a) : Sructural formulaof theberberine (BBE) mol-
ecule

Figure1(b) : Sructural formulaof theortho-phosphoricacid
(H,PO,) molecule
EXPERIMENTAL

Mixturesof twenty different concentrationsof BBE
in H,PO, were prepared and they were mixed thor-
oughly. Thesemixtureswerekept indes ccatorsfor six
hours. Samples were subjected to several cycles of
heating, stirring and centrifuging to ensure homogene-
ity. Phasetrangtion temperatures of thesemixtureswere
measured with the help of apolarizing microscopein
conjunctionwith ahot stage. The sampleswere sand-
wiched between thedideand cover dipand wereseded
for microscopic observations. DSC thermogramswere
takenfor mixturesof al concentrationsusing the Perkin-
Elmer DSCII Instrument facility availableat Raman
Research Institute, Bangalore, India. The phasedia-
gramwas obtained by plotting the phasetransition tem-
peratures of the mixtures, which were determined by
the DSC studiesasafunction of concentrationsof BBE
inH,PO,. Thephasediagram (Figure 3) clearly indi-
catesthat the mesomorphism of themixtureisthermo-
dynamicaly stablebut only partialy ordered phasesand
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each mesophaseisdescribed by itsown degree of or-
der. The X -ray diffraction studiesweredone using Jeol
X-ray diffractometer at varioustemperaturesfor dif-
ferent concentrations, which exhibit asmectic phasg?*
2, Thedensity and refractiveindices of the mixtures
weremeasured at different temperaturesemploying the
technique describedin our earlier paper®,

RESULTSAND DISCUSSION

Optical studies

Thepolymorphic smectic modificationsand the cor-
respondingisotropictoliquid crystalline phasetransi-
tion temperaturesfor the mixturewith 60% of BBE in
H_PO, aregiven below.
|s0-141°C, SMA-108°C, SMC*-64.5°C, SME -40.2°C.

On cooling the specimen from itsisotropic melt,
the setting point ismarked by thegenesisof nucleation
at several pointswhich appear as minute bubblesini-
tidly, but which progressively grow radialy andforma
focd conicfantexture of smectic-A phaseinwhichthe
moleculesarearranged inlayersand thetextureisshown
inthe Figure2(a). The SmA phaseisunstableand then
changes over to SmC* phase, which exhibitsradial
fringesonthefansof foca conictextures, whicharethe
characterigticsof chird SmC’ asshowninFigure2(b).
Themolecular twist can beof the congtituent molecules
in the chiral smectic-C phase and they posses point
symmetry inrdation to their asymmetric centers, when
they are packed intheform of layers, wherethe mo-
lecular long axesaretilted with respect tothelayer planes
and the phase has C, symmetry!?>?9, The stacking of
thelayer planesontheother resultsinthetilt possessing
about normd to thelayers cresating macroscopic helica
structures. On further cooling, thisphase changesover
tothecrygtaline SmE phase, which remainsuptoroom
temperature.

The partial phase diagram showninFigure 3, il-
lustratesthat the mixturewith concentrationsfrom 10%
to 85% of BBE exhibitsaSmA, SmC’ and SmE phases
sequentialy whenthe specimeniscooled fromitsiso-
tropic melt. Themixturewith concentrationsfrom 10%
to 20% of BBE does not exhibit SmC" phase but ex-
hibits SmA and SmE phasesonly. Theinteresting fea-
ture of phasediagram of the present mixtureisthat it
exhibitstheunusua sequenceof chird SmC* phasein
the mixturewith concentrationsranging from 20%to
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85% of BBE with the temperature range of 72°Cto
123°C. Themolecular structure of BBEisshownin
Figure 1(a). It can beclearly seen from the molecular
structurethat it does not contain thealkyl chains. It
might be the reason for the exhibition of interesting
phase sequence by the mixture contai ning this com-
pound which isdeparting from the conventional se-
guence of phases.

Observation of optical textures clearly showsthat
themixtureisexhibiting the natureof lyotroic chromonic
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Figure2: M |cr0ph0tographsobta1 nedin bdween thecrossed

polars, (a) Focal conicfan shaped textureof SmA (Lamellar)
phase (250X); (b) Chiral SmC* phase (180X)
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Figure3: Partial phasediagram for themixtureof BBE in
H3PO4

liquid crystal§8. Upto 10% concentration of BBE in
H,PO,, themixtureisnot showing any clear mesophase.
Themixtureexhibitsonly abirefringent regionanditis
difficult to associate the texture with any of liquid
mesophases. Themost remarkabl efeature of these BBE
mol ecul esisthetendency of their constituent partsto
segregatein spacewith the creation of interfaces. Evi-
dently the polymorphism seemsto beentirely depend-
ingontheinterfacia behaviour and thisbehaviour ulti-
mately leadsto thelimiting of the polymorphism for
homogeneousinterfacesfor higher concentrations of
BBE molecule. It can be noticed that the phasetrang -
tiontemperatures observed in the present study are dif-
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ferent from thevauesobservedinasmilar typeof sudy
by Nagappaet a.» inwhich themixture of adifferent
compound with H,PO, has been studied. Hence the
interaction of H,PO, looksto bedifferent with different
compounds.

X-ray studies

Toundergandthechangeinlayer spacingsin smec-
tic-A and smectic-C’ phaseswith respect to tempera-
ture, X-ray diffractometer tracesweretaken. Thetraces
obtained for the mixture of 60% BBE inH,PO, at dif-
ferent temperatures correspond to smectic-A and smec-
tic-C’ phases. It isobserved that, asthe temperature
increasesthelayer spacing also increasesin smectic-
C’ phase, but in smectic-A phasethelayer spacingis
amost constant'®*) and thesevariationsareasshown
inFigure4.

Optical anisotropy
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Figured: Variation of layer spacingwith temperature

Resultsof thisinvestigation arefurther supported
by the optical studies. Therefractiveindicesfor ex-
traordinary ray () and ordinary ray (n,) of themixture
weremeasured at different temperaturesfor different
concentrations using Abbe Refractometer and preces-
s on Goniometer Spectrometer. Thetemperaturevaria-
tionsof refractiveindicesfor 60% of BBEinH,PO,are
asshowninFigure5. Thevalueof n_isgreater thann,,
indicating that thematerid isuniaxia postive. Theval-
uesof eectrica susceptibility for 60% of BBEinH,PO,
have been cal cul ated using Neugebauer relation®Y at
different temperatures. Thetemperature variations of
el ectrical susceptibility for themixtureareasshownin
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Figure6. Fromthefigure, it can be observed that wher-
ever thereisanisotropic-liquid crystdlinephasetrans-
tion, thevalue of electrical susceptibility changesap-
preciably, whichindi catesthat each change corresponds
to varioussmectic modifications. Further, withincreasse
intheconcentration of BBE, thevaueof dectrica sus-
ceptibility decreaseswith temperature, because the ef-
fectiveoptica anisotropy associated with themolecules
of BBE also decreases.

Helfrich potential and eastic modulus
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Figure5: Temperaturevariation of refractiveindicesfor the
mixtureof 60% BBE in H,PO,
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Figure6: Temperaturevariation of electric susceptibility
for themixtureof 60% BBEinH PO,

Thefreeenergy of stericinter-membraneinterac-
tion exigtsbetween undulating neighbouring membranes,
whenthey aresideby sideinthe multilayer systemd®2.
The undulation modesin multilayer systems can be
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treated in terms of the de Gennestheory™ of fluctua-
tionsin smectic phase, whichinvokescurvatureastic-
ity and smectic compressibility. To estimatetheHelfrich
potentia (V (§)), weconsider thefree energy per unit
areq,

(ksT)?

V()= BW )

where 3=3r?/128, (k /k, T)=0.75 (Therepulsiveforce
between the membranes), k =bare bending constant,
k isthe Boltzman constant.

TheV (&) of membranevarieswith inverse square
of the membrane spacing assumed that thelocal tilt of
themembraneinduced by undulationsremainsin effect
well below /2. & ismean membrane separation. Here
it has been considered that & isequal to d®4, and its
valueis26.53A.

Variaionsof Hdfrich potentia aongwiththecon-
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Figure7: Variation of Helfrich potential with concentration
of BBEinH,PO,

centrationsof BBE areasshowninFigure7 anditis
very interestingto notethat, theHdfrich potentia vaue
increases as the concentration of the BBE increases.
Thisresultinvokesthat indiluteregion of themixture, V
(&) valueislow. Thisissupported by the natureof varia-
tion exhibited by theelastic modul us.

Theelastic modulus (K)B4 of smectic compress-
ibility isca culated usng therel ation,

_ 3g? (kgT)?
K =S et @

wherek iscurvatureelastic modulus.

Theedastic modulusisa so estimated for the mix-
tureof different concentrationsat varioustemperatures.
Thegraph obtained by plotting theelasticmodulusasa
function of the concentration of BBE ispresented inthe
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Figure8. Fromthegraphitisobserved that asthe con-
centration of BBE decreases, thevalue of bulk modu-
lusalso decreases.

Thereason for thesmall valuesof el ectrical sus-
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Figure8: Variation of elastic moduluswith concentr ation of
BBEinH_PO,
ceptibility, bulk modulusand Helfrich potential inlow
concentrationsisdueto thelesser valueof density in
which the interaction of smectic layers with the
neighbouring layersisvery less.

CONCLUSIONS

Microscopicinvestigation of the binary mixture of
BBE and H,PO, showsthe existence of induced smec-
tic phases, suchas SmA, SmC* and SmE phasesfor
different concentrationsof BBE molecule. An observa
tionfromthevariousstudiesof thisunconventional se-
guence clearly indicatesthat the mixtureisexhibiting
thelyotropicchromonicliquid crystdlinenature At lower
concentrations of BBE in H,PO,, the aggregates are
not aligned and they start aigning asthe concentration
increases at higher temperatures. Thedrastic changes
inthevauesof dengty, refractiveindex and anisotropy
of polarizability with temperature unambiguoudy cor-
respond to smectic phase. The nature of temperature
variation of layer spacingin SmC* and SmA phases
look to be different asobserved from X-ray diffraction
sudies.
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