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ABSTRACT

Two or more multi-components system of Didodecyl dimethyl ammonium
bromide (DDAB - widely used in efficient delivery system), cholesteryl
nonanoate (CN) and ethylene glycol (EG) exhibits an interesting different
liquid crystalline cholesteric and induced smectic phases, such as SmA,
SmC and SmB, sequentially when the specimen iscooled fromitsisotropic
liquid phase. These phases have been characterized by using optical tex-

ture studies. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Didodecyl-dimethyl-ammonium bromide(DDAB)
iswiddy usedfor an efficient ddivery syseminto mam-
malian cells. But, thebiological activitiesof DDAB
nanoparticlesinmammaian cdlsareinsufficiently un-
derstood. Ken-Ichi Kusumoto and Tomoyuki have es-
tablished thecriticd roleof DDAB incdlular response.
They have demonstrated that DDAB is a potent in-
ducer of cell deathin awiderangeof tumor cell lines,
wherein leukemiacels (HL-60 and U937) and neuro-
blastomacdlls(Neuro2a) weremoresensitiveto DDAB
than carcinomacelssuch asHepG2 and Caco-2 cdl Y.
Whenitismixed with other organicmolecules, it exhib-
itstheliquid crystalline nature and finds applicationin
display devices. Further studiesregarding thetempera-
ture dependence of such mixtureswill definitely help
the scientific community intheusage of thesameinthe
field of biotechnol ogy.

Liquid crystasareaspecid classof soft materials
characterized by so caled mesophase, wherethey flow
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likeanisotropicliquid yet possessalong-rangeorien-
tationa order and acompleteor partia absence of po-
sitional order of building unitsthat can either beindi-
vidual moleculesor their aggregatesl. Thetwomain
typesof liquid crystalsarethermotropicliquid crystals
andlyotropicliquid crystals. Thermotropicliquid crys-
tal s show mesophases depending on temperatureand
pressure. Their basicbuilding unitsareusudly individud
molecules that have afeature of pronounced shape
anisotropy, suchasrods, disc, etc. Thermotropicliquid
crystalshavebeen successfully used indisplay devices.
Lyotropicliquid crystalsareformed on thedissol ution
of lyotropicliquid crystal moleculesinasolvent (usudly
water). A featureof lyotropicliquid crysta sdistinguish-
ing them from thermotropic liquid crystalsisthe self-
assembly of moleculesinto supramol ecular structures
that represent abasi ¢ unit of these mesophases?3.
Themost common lyotropicliquid crystalline sys-
temisthoseformed by water and surfactants, such as
soaps, synthetic detergents, and lipids. Surfactant mol-
ecules are formed by a hydrophilic part chemically
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bound to ahydrophobic part. Mixturesof these surfac-
tant moleculeswith asolvent under certain conditions
of temperature and rel ative concentrati ons produced
thedifferent typesof liquid crystallinemesophasessuch
ascholesteric, nematic, lamdllar, discotic, twisted grain
boundary (TGB) phase, blue phasg™, etc.

Inthe present investigation, our amisto study the
ternary mixture of different compounds, namely,
cholesteryl nonanoate (CN), Didodecyl dimethyl am-
monium bromide (DDAB) and ethylene glycol (EG),
which exhibitsaninteresting liquid crystalline choles-
teric phase and induced smectic phases, suchasSmA,
SmC and SmB phases sequentially when they are
cooled fromisotropic phase. optical anisotropy, helical
pitch measurementsand d ectrical conductivity studies
have been carried out to understand theintermol ecular
interactionsinthemixture.

EXPERIMENTAL

Thecompound Didodecyl dimethyl ammonium bro-
mide (DDAB) usedinthisinvestigation wasobtained
from the Basic PharmalL.ife SciencePvt., Ltd., India,
and it wasfurther purified twiceby are-crystdlization
method usng benzeneasasolvent. Ethyleneglycol (EG)
was supplied from Kodak, Ltd., Kodak house,
Mumbai, India. The cholesteryl nonanoate (CN) was
obtained from M/s East Mann Organic Chemicals,
USA. Mixturesof different concentrationsof DDAB in
CN + EG were prepared and were mixed thoroughly.
Thesemixturesof variousconcentrationsof DDAB in
CN+EG werekept in desiccatorsfor alongtime. The
sampleswere subjected to several cyclesof heating,
stirring, and centrifuging to ensure homogeneity. The
phasetransition temperaturesof these concentrations
weremeasured withthehelp of Leitz-polarizing micro-
scopein conjunctionwith ahot gage. Thesampleswere
sandwiched between the dideand cover dip and were
sealed for microscopic observations. Thedifferentia
scanning caorimetry (DSC) thermogramsweretaken
for themixturesof dl concentrationsusing Perkin-Elmer
DSCII Ingtrument facility availablea Raman Research
Institute, Bangalore, India. Thedensity and refractive
indicesintheoptica region aredetermined at different
temperatures by employing the techniques described
by theearlier investigatorg®®.

—= Full Paper
RESULTSAND DISCUSSION

Phasediagram

Theternary mixtureof DDAB in CN+EG exhibits
aninteresting different liquid crystalline phasesand the
phasetransition temperatures are measured by using
L eitz-polarizing microscope. Thepartia phasediagram
showninFigure 1, whichisobtained by plotting the
concentrationsagaingt thephasetrangtion temperatures
of themixture, which dearly illustratesthat, the mixture
of al concentrationsof DDAB in CN+EG exhibit SmA
and SmB phasesrespectively at different temperatures,
when the specimeniscooled fromitsisotropic liquid
phase. The concentrations of the mixturefrom 5%to
22% and 32% to 60% of DDAB showsacholesteric
phasein addition of SmA, SmC and SmB phases, but
inthe concentration range from 8% to 50% of DDAB
showsaschlierentexture of SmC phase.
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Figurel: Partial phasediagramfor themixtureof DDAB N
CN+EG

Optical texturestudies

For thepurposeof opticd texturestudies, thesample
was sandwiched between adide and cover glass, and
thentheoptical textureswere observed usingal eitz
polarizing microscopein conjunction with aspecidly
constructed hot stage. Mixtureswith concentrations
ranging from 5% to 22% and 32% to 60% are lowly
cooled fromtheisotropic melt. The genesisof nucle-
ationgartsintheform of smdl bubblesand dowly grows
radidly, whichformafingerprint patterntextureof cho-
lesteric phasewithlargevauesof pitchisshowninFig-
ure 2(a)["8. On further cooling, the cholesteric phase
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a) Fingerprint patter n of cholesteric phase (250X)
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b). Focal conicfan shaped textur eof SmA phase (250X)

Figure2: Microphotographsobtained in between the cr ossed
polars

dowly changesover tofoca conicfan shaped texture,
whichisthe characteristic of SmA phaseasshownin
Figure 2(a). In mixtureswith concentrationsfrom 8%
to 50%, the SmA phase changesover to schlierentex-
ture of SmC. On further cooling, SmC phase changes
over to higher ordered SmB phase, which remainsup
to room temperature and then it becomesacrystalline
phase.
Optical anisotropy

Optical studieshave supported theresultsof this
investigation. Therefractiveindicesfor extraordinary
ray (n) andordinary ray (n ) of themixturewere mea-

sured at different temperaturesfor the different con-
centrations using Abbe Refractometer and Precission
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Figure3: Temperaturevariation of refractiveindicesfor the
mixtureof 20% DDAB in CN+EG
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Figured: Temperaturevariation of electric susceptibility for
themixtureof 20% DDAB in CN+EG

Goniometer Spectrometer. Thetemperature variations
of refractiveindicesfor 20% of DDAB inCN+EG are
showninFigure3. Thevauesof eectrical susceptibil-
ity for 20% of DDAB in CN+EG have been calculated
using Neugebauer relation™™ at different temperatures.
Thetemperaturevariationsof electrical susceptibility
for the mixture are as shown in Figure 4. From this
figure, it can beobserved that wherever thereisaphase
trangtion, thevalueof e ectrical susceptibility changes
appreciably, which indicatesthat each change corre-
spondsto induced mesomorphic phases. Further with
increaseinthetemperature, thevaueof dectrica sus-
ceptibility decreases, because the effective optical
anisotropy associ ated with themoleculesof DDAB dso
decreased®%, But here in this graph, we have ob-
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served an auxiliary peak in addition to the main pesk,
whichillustratesthat, the peak cannot be thought only
dueto changeinthe orientation of molecules. They can
be attributed to changesin the dimens on of molecules
aongwith changesin orientation.

CONCLUSIONS

In light of the above results, we have drawn the
following conclusions. The multi-component system
exhibitsan unusual sequence of phases, showing the
formation of induced chiral smectic phasesas SmA,
SmC and SmB in the concentration range of 5% to
60% of DDAB in (CN + EG). The phase behavioris
discussed with the help of phase diagram. it can be
observed that wherever thereisaphasetransition, the
valueof electrical susceptibility changesappreciably.
Theseexperimenta observationscan beemployedin
theusage of DDAB inthefield of bio-technology and
thefield of medicineto explorethefurther usageof the
sameinthedrug delivery systems.
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