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ABSTRACT

‘Blue phases’ (BP) in liquid crystal are three-dimensional cubic defect struc-
turesnormally observed in chiral liquid crystals. These phasesexist for very
short duration of temperature from 0.5°C t02°C. It is because of this restric-
tion their practical usability islimited whichisproved both theoretically and
experimentally. There are three well-known thermodynamically stable blue
phases, BPI1I, BP 11 and BP 1. BP Il is amorphous with a local cubic lattice
structure in the director field, whereas BPII and BP I have a fluid three-
dimensional periodic structure in the director field with simple cubic and
body-centred cubic symmetry, respectively™. We have made polymer dis-
persed cholesteric liquid crystals (PDCL Cs) with different concentrations of
nematic and cholesteric liquid crystals in our lab using thermally induced
phase separation method. We are reporting presence of broad temperature
range blue phasesin PDCL Cs. Their presenceis confirmed by varioustech-
niques viz. fabry parot scattering studies (FPSS), optical polarising micro-
scope (OPM) and differential thermal analysis (DTA). We propose that the
unusual behaviour of these blue phase materials is due to the addition of
polymer to the cholesteric liquid crystals making them polymer dispersed
cholestericliquid crystals (PDCL Cs)2.

© 2010 Trade Sciencelnc. - INDIA

KEYWORDS

Blue phases,

Chiral nematic;
Polymer dispersed cholestric
liquid crystal;

Optical polarizing
Mi Croscopy;
Differential thermal
analysis;

Fabry perot
scattering studies.

INTRODUCTION

A mesophasewith athree-dimensiona spatid dis-
tribution of helical director axesleadingto frustrated
structureswith defectsarranged on alatticewith cubic
symmetry and | attice constants of the order of thewave-
length of visiblelight iscalled abluephase (BP). The
name“blue phase” derives historically from the optical
Bragg reflection of bluelight. Also because of larger

lattice constants, BPs canreflect visiblelight of longer
wavelengths. A BPisoptically isotropic and exhibitsa
Bragg reflection of circularly polarized light™. These
phases exist over asmall temperature range between
isotropic and chiral nematic (N*) thermotropic phases.
Blue phasesare generally observed on cooling from
theisotropic phaseto the chiral nematic phase.

Blue phasesresultsfrom the competition between
thechira forcesand thedesirefor moleculesto packin
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wayssuchthat they fill spaceuniformly. Theoretical and
experimenta work on BP have demonstrated that cho-
lestericliquid crystasof short pitch canformuptothree
distinct blue phasesbetween thechird nematicandiso-
tropic phases*®. They are named blue phasel (BP),
blue phasell (BPII), and blue phaselll (BPIII) in or-
der of ascending temperature. BPI and BPII have body-
centered cubic and S mple cubic symmetry respectively.
BPIII isseemingly amorphouswith astill unknownlo-
cal structuré®.

Neat blue phases have only existed over anarrow
temperature range afew degreescelsiuswideand this
haslimited their practica applicability. Severd atempts
have been made to widen thetemperatureinterval of
the blue phases, notably by polymer stabilization8.
Themost recent report describes the stabilization of
thethree-dimensiona cubiclatticein adefect confined
polymer matrix®. Hence we tried to analyze the
PDCL Csto seetheeffect of polymer and cholesteric
materiastogether in PDCLCs.

PDCL C samples contain polymersand cholesteric
liquid crystals. These materia sbecause of their unique
propertiesarevery useful indisplay industry. PDCLCs
consist of liquid crystal droplets (Nematic and
Cholestric) that are dispersed in asolid polymer ma-
trix. Among thefactorsinfluencing the properties of the
PDCLC materid arethe size and morphology (shape)
of thedroplets, thetypesof polymer andliquid crystals
used and cooling and hegting ratesin productionin case
of thermaly induced preparation method.

EXPERIMENTAL

A seriesof PDCLC filmswere made using mix-
tures of a prepolymer PN393, supplied by Nematel
Germany and nematic liquid-crystal TL205, supplied
by E. Merck Darmstadt. PN393 isamixture of acry-
late monomers that forms a cross-linked network.
TL205 isamixtureof halogenated bi- and tri-phenyls
withdiphatictailsof lengthstwotofivecarbons. Nem-
aicliquid crystd, cholestericliquid crystal and thepre-
polymer are mixed in the desired ratio by stirring at
room temperature until the mixtureishomogeneous.
Thermally induced phase separation method isused to
make PDCL Cs. We concentrated our studieson 20%
monomer solutionsand used 80% mixtureof TL205
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and cholesteryl pdargonatein different proportions. The
PDCLC mixtureswithfollowing proportionshave been
investigated.

1) 80(90N+10CP)+20P
3) 80(70N+30CP)+20P
5) 80(50N+50CP)+20P
7) 80(10N+90CP)+20P
whereall numbersarein percentages (%), N-TL 205,
CP-Cholesteryl Pelargonate, P- PN393.

Theabove PDCLC mixtureshavebeeninvestigated
usingthe FPSS**13, A low power (2mw) He-Nelaser
Is used as the optical source. A fabry-perot etalon
coupled to aspectrometer telescopeformstherest of
theexperimental set-up. Anindigenousel ectric heater
heated the PDCL C sample. Theangular diameters of
theringswere measured at varioustemperaturesusing
aremote sensing infra-red thermometer having areso-
|ution of 0.1°C. Thegraphica mappingsof theangular
diameter of thefdory-perot ringsVs. temperature shows
an abrupt variation (20’ to 25 with a spectrometer of
least count=0.5) at the mesophase transition tempera-
tures of PDCLCs. DTA (Metler Toledo FP90) was
also usedtoinvestigate phasetranstionsin PDCLCs.
Theopticd texturesusng OPM (OlympusBX51, Ja-
pan) reveal ed the presence of extended blue phasesin
PDCLCd%,

2) 80(80N+20CP)+20P
4) 80(60N+40CP)+20P
6) 80(30N+70CP)+20P

RESULTSAND DISCUSSIONS

Phasetransition behaviour of PDCLC sampleswere
investigated by FPSS, DTA and OPM. We have suc-
ceeded inlowering (normally BP’s are observed ata
temperaturewhichisvery closeto theisotropic tem-
perature) the blue phase temperaturesin PDCLCsas
well asinincreas ng thetemperaturerange over which
the blue phases are visible. We are able to view the
blue phasetexturesfrom atemperature of
() 62°Cto 38°C i.e. over a range of 24°C for the

sample 80%(60%N+40%CP)+20%P, whoseiso-
tropic temperatureis 76.7°C
(i) 73.6°Cto 56°C i.e. over a range of 17.6°C for
the sampl e 80%(50%N+50%CP)+20%P, whose
isotropic temperatureis 75.6°C and
61°C to 33°C i.e. over a temperature range of
28°C for the sample 80%(10%N+90%CP)
+20%P, whose i sotropic temperatureis 72.1°C.

(i)
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Please notethat thesetemperaturesarewe | below the
isotropic temperatures.

TABLE 1 givesthe phasetransition temperatures
(PTTs) for the various concentrations of the PDCLC
samples. Theseresultsare obtained using FPSS tech-
nique. For each of the samples, the experiment was
repeated for five heating/cooling cyclesto check for
thecongstency.

TABLE 1: Showing PTT Ssof samples

Concentration

of Cholesteryl
No Za;ngsc(;ﬂ?xgs Pelargonatethe  Phasetransition temperatures
in 96) Cholesteryl(in°C) (in°C) while cooling
? while cooling
Pelargonate(CP)

1 80(90N+10CP)+20P 10 *81.8, 70.3, 60.5, 39.8, 33.8
2 80(80N+20CP)+20P 20 *79.8, 70.5, 58.9, 46, 39.8, 33.8.
3 80(70N+30CP)+20P 30 *78,70.4, 62, 53, 46, 42, 34.
4 80(60N+40CP)+20P 40 *76.7, 62, 38, 32.4, 30
5 80(50N+50CP)+20P 50 *75.6, 73.6, 56, 46, 38.8, 33.6
6  80(30N+70CP)+20P 70 *73.8, 61.5,56,52.8, 43.2, 36.8
7 80(10N+90CP)+20P 90 *72.1, 61, 33,32.8

“*»|ndicate isotropic temperaturei.e. clearing temperature for
the sample.

Thegraphical mappings (Figure 1) of theAngular
Diameter of theringsVsPT Tsshow an abrupt varia-
tion (20'to 25' with aspectrometer of |east count=30")
at the mesophase transition temperatures. Only one
graph hasbeen inserted, similar graphswere plotted
for al thesamples.
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Figurel1: Showsthegraphical mappingsof angular diameter
ver sus temperature showing the mesophase transition
temper atures
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Figure 2 : Shows OPM result for 80% (60% N+40% CP)
+20% P sample, where blue phase is extended from a
temper atureof 62°C.

Figure 3 :' Shows OPM result for 80% (60% N+40% CP)
+20% P sample, where blue phase is extended from a
temper atur eof 38°C.
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Figure 4 : Shows OPM result for 80% (50% N+50% CP)
+20% P sample, where blue phase is extended from a
temperatureof 73.6°C.

=

Figure 5 : Shows OPM result for 80% (50% N+50% CP)
+20% P sample, where blue phase is extended from a
temper atureof 56°C.
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Figure 6 : Shows OPM result for 80% (10% N+90% CP)
+20% P sample, where blue phase is extended from a
temperatureof 61°C.

Figure 7 : Shows
+20% P sample, where blue phase is extended from a
temperatureof 33°C.

CONCLUSIONS

Thetechnique of thermally induced phase separa:
tion was successfully used to make PDCL C samples
with various concentrations of theliquid crystal. The
properties of PDCL C materialshave beenimproved
by creating different types of mixtures. Wewere able
to observeblue phasesover thewidetemperaturerange
for different PDCLC samples. It was a so observed
that these blue phasesare highly stable over thegiven
temperaturerange. Thereason being that liquid crysta
moleculesarechird, hencethelr twisted structure com-
peteswith spatially uniform liquid crystalline orders,
resultinginavariety of modulated liquid crysta phases,
such as the cholesteric blue phase®. In case of
PDCLCs, itisthecombination of polymer andthechird
L C which restricted the deformati on of the blue-phase
|attice. Henceno colour switching wasobserved. Re-
cently compounds possessing an axis or a plane of
chirality have been reported*>*€l, PDCLC materials
with awidetemperaturerange of abluephaseat lower
temperatures have never been obtained before.
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