23.3/ A. Glushchenko

23.3: Cholesteric Colloid of Ferroelectric Nano-particles

Anatoliy Glushchenko
University of Colorado at Colorado Springs, Department of Physics, CO 80933

Oleksandr Buchnev, Andrey lljin, Oleksandr Kurochkin, and Yuriy Reznikov
Institute of Physics, National Academy of Sciences of Ukraine, Prospect Nauki 46, Kyiv 03028 Ukraine

Abstract

In this paper, we report on the influence of sub-micron
ferroelectric particles on optical, dielectric and electro-optical
properties of cholesteric host. An ultra-small fraction of
ferroelectric nanoparticles in a cholesteric liquid crystal greatly
increases the birefringence of the latter and its dielectric
anisotropy that results in a broadening of the reflection band,
decreasing of the driving voltage of the switching between
bistable textures and in an increasing of its steepness.

1. Introduction

A supramolecular helical structure of chiral nematic liquid
crystals (cholesterics) brings a lot of fascinating properties. If the
helical pitch is comparable to the wavelength of light a distributed
optical feedback results in selective light reflection and giant
optical activity. Effective control of helical pitch value and chiral
structures of cholesterics by external field and temperature makes
cholesterics extremely promising for uses in photonic and electro-
optic devices, such as photonic crystals, light shutters and
switches, adaptive laser-optics and lasing.

Effect of electric-field-driven texture transition between planar
and focal conic textures makes a base of operation of bistable
cholesteric displays [1], future of which looks incredible due to
fascinating possibility to make flexible polymer bistable LCD’s
by roll-to-roll technology [2]. Despite substantial advantages, a
wide use of cholesteric LCD’s is still restrained by high driving
voltages and rather low contrast of the devices. Therefore,
development of new cholesteric materials is a crucial task for a
widespread application of cholesteric LCD’s.

Recently a new class of LC systems has been proposed — diluted
colloids of ferroelectric nanoparticles in nematic matrixes [3-4].
These systems macroscopically appear identical to a pure
nematics providing, however, strongly enhanced optical and
electro-optical properties. In particular, ferroelectric nanoparticles
strongly increase dielectric anisotropy and birefringence of the
nematic host. Our preliminary studies also showed advanced
characteristics of cholesterics doped with ferroelectric
nanoparticles. Introducing the particles leads to the decrease of
driving voltages, increase of the both reflection contrast and the
steepness of the transition [5].

2. Experimental

Nanoparticles of submicron size were fabricated by a long-lasting
milling of (1+10) pm micro-crystals of ferroelectric material
thiohypodiphosphate (Sn,P,Ss) together with an oleic acid
working as a surfactant. The micro-crystals were ultrasonically

1086 « SID 07 DIGEST

dispersed and grounded in a vibration micro-mill for 120 h. The
upper size limit of the particles 0.2 um was estimated with
scanning electron microscopy. The nanoparticles—surfactant
mixture was dispersed in a cholesteric matrix by an ultra-sonic
mixer, making the cholesteric colloid with a volume fraction of
the particles, ¢, = 0.2%. The cholesteric mixture (CLC) that
consisted of nematic matrix ZLI 4801-000 doped with 35 wt.% of
a chiral agent R-811 (both from Merck). Clearing temperature of
the cholesteric mixture appeared to be 7, = 69 °C. We also studied
the colloid of ferroelectric particles of the same concentration in
the only nematic matrix ZLI 4801-000 (NLC), which exhibited
nematic — isotropic phase transition at 7, = 97 °C. Both colloids
were stable during at least several months. To estimate the
influence of the employed surfactant its mixtures with the both
chiral nematic and pure nematic LC’s were made

The colloids were studied in the cells comprised of two ITO
coated glass substrates each covered with rubbed polyimide
polymer layers and separated with rod-like polymer spacers. The
cells’ gaps were in the range d = 4.5+20 pm. For the studies of the
electrically driven texture transition, the bared ITO-coated
substrates were used. The filling of the cells was made at elevated
temperature, 7> T,.

3. Results and discussion
3.1 Properties of Chiral Nematic Systems

Introduction of an ultra-small fraction of ferroelectric
nanoparticles into a cholesteric LC resulted in well-profound
changes of basic optical and electro-optical characteristics of the
cholesteric matrix. The maximum of the Brag selective reflection
band at 40 °C has been shifted towards shorter wavelengths
(6™ =27 nm), and the halfwidth of the Brag band has been
increased ( A4, =36 nm , AA,,; =39 nm), as is seen in Figure 1.

Direct measurements of the cholesteric pitch by measuring the
distance between Grandjean-Cano disclination lines in a wedge
cell showed also a decrease of the chiral pitch value in the colloid:
from P, =332nm to P, =302nm . Since the halfwidth of the

Brag band, the pitch and the birefringence of the cholesteric
matrix are related as:

Ay =P-n,,
these data allowed us to estimate the relative changes of the

birefringence of the CLC nano-colloid with respect to the pure
cholesteric mixture: n, .,/ n, ;¢ =1.19.
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Figure 1. Selective reflection from planar CLC layer: solid
line — pure CLC, dashed line — ferroelectric CLC colloid

In the agreement to our tentative results [5], we found that the
ferroelectric particles changed the bistable electro-optical
response of the cholesteric. The measuring setup corresponds to
the conventional driving scheme [1]. First, a resetting voltage
Vieser (1 kHz, 60 = V) during 100 ms was applied to switch the
material to the homeotropic stage and reset to the planar texture
afterwards. After a 1 s delay the addressing pulse was applied
during 100 ms, and the reflectance of the cell at the 35%-incidence
was measured (Figure 2).
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Figure 2. Voltage-contrast characteristics of texture
transition: open circles — pure CLC, solid squares —
ferroelectric CLC colloid, open triangles — CLC-
surfactant mixture.
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The dependence of the cell reflectance on the addressing pulse
voltage for the cholesterics and colloid is shown in Figure 2. One
can see a substantial decrease of the threshold voltage of transition

from the planar texture to the homeotropic one: UZ/:" ~ 48V ;

U ~331 .

col

The threshold voltage of the planar-homeotropic transition can be
estimated according [1] as:

2
—n T
U’ ! ZFN'KZQ/‘gOga .

Assuming that the Frank constant K, is not affected by the
particles one can estimate the relative change of dielectric
anisotropy, &, in the colloid: ¢, .,/ &, ;¢ = 2.6 .

a,co

3.2 NLC Nano-Particle Colloid

Thus, the described results denote that the changes of the optical
properties and electro-optical response of cholesteric LC are
determined by substantial increase of the both birefringence and
dielectric anisotropy of the matrix due to the presence of the
particles. To check this idea, were measured the dielectric
constants perpendicular and parallel to the director, &,&,, and

birefringence, n,, of the pure LC and nano-colloid, made solely

with the nematic constituent. To determine a possible contribution
of the surfactant to the changes of the properties of the nematic
matrix, the NLC doped with 2 wt.% of the oleic acid was also
studied. This volume fraction of the surfactant was certainly larger
than that in the nano-colloid. The measurements of the capacity of
LC cells with planar and homeotropic alignment were performed
by a standard bridge technique. The results of the measurements
together with the values of the clearing temperatures are shown in
the Table 1.

Table 1. Values of dielectric constants, dielectric anisotropy
and clearing temperature of NLC ZLI-4801-000, its nano-
particle colloid and its mixture with surfactant.

. Nematic- Nematic
Nematic ) .
matrix nano-particle | doped with
colloid surfactant
€1 2.8 4.0 2.9
Ty_s 6.2 12.6 6.2
4 +3.4 +8.6 +3.3
T.,°C 96 94.5 91.5

It is seen that while the values &,&,, remain almost unchanged

for the NLC-surfactant mixture, a remarkable increase of the both
components as well as of the dielectric anisotropy has been
observed for the NLC-nano-particle colloid. These results are
supported by observations of the significant drop of the
Freedericksz transition voltage in planar cells filled with the
colloid (Fig.3).
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Figure 3. Investigations of Freedericksz transition: solid line —
pure NLC, dashed line — NLC-nano-particle colloid, dotted
line — NLC-surfactant mixture.

It is clearly seen that the Freedericksz threshold voltage in the
colloid is substantially shifted towards smaller voltages than that
of the both pure NLC and its mixture with the surfactant. From
the expression for the Freedericksz threshold voltage [6]:

it is possible to estimate the changes of the effective dielectric
anisotropy of the colloid with respect to the pure NLC given that
the Frank elastic constants remain unchanged. Indeed, on the one
hand, a very small shift of the clearing temperature have clearly
pointed out the order parameter in the colloid [7] remained
unchanged. On the other hand, we have performed measurements
of the times characteristic of the relaxation of director from the
Freedericksz transition after the field removal for the all of the
NLC systems, which have also supported the assumption of the
elastic constants stability.

Thus, the estimated by the independent methods increase of the
effective  dielectric  anisotropy of NLC  nano-colloid
Eqcot/ Eqrc ®2.6£0.1 coincides surprisingly well with that
obtained from the measurements in the cholesteric colloid

(‘("a'col /‘g‘a’LC ~2.6 )

33 Increase of Birefringence

In addition, the estimations of phase retardation values were made
from the Freedericksz transition experiments, which have also
shown a remarkable increase of the birefringence in the nano-
colloid: n, ., =0.106 with respect to the pure NLC (0.091). The

value of the ratio n, ., /n,;-=1.16 appeared to be rather close

to the value obtained for the cholesteric colloid (1.19). Alongside
with the dielectric constants, there was also no any notable
influence of the surfactant on the birefringence of NLC.
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The dependences of the birefringence n, of the pure nematic LC,

the nematic doped with the surfactant and of the colloid on the
reduced temperature 7/7, are presented in Figure 4.
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Figure 4. Temperature dependences of phase retardation:
open circles — pure NLC, solid squares — ferroelectric NLC
nano-colloid, open triangles — NLC-surfactant mixture.

One can see that the dependences n,(7/T,) for the pure and

doped nematics practically coincide. It corresponds to the general
consequence of Mayer-Zaupe theory about universality of the
dependence of nematic order parameter on reduced temperature
[8] and points at dispersion interaction between the surfactant and
nematic matrix in our case. Insertion of the ferroelectric particles,
however, results in the evident shift of the dependence
n,(T/T,). It allows us to suggest that the increase of the

refractive index in the colloid is caused by a strong dipole — dipole
interaction between the particles and LC molecules. High
anisotropy of polarizability of the particles, which might be
another cause of the birefringence increasing, was, however, ruled
out by an additional comparison of refractive indices of the
isotropic phases of NLC nano-colloid and pure NLC, the
difference in which appeared to be less than 1%.

4. Conclusions

Introduction of ferroelectric nanoparticles into cholesteric matrix
has been shown as a promising method of improvement of
electro-optical characteristics of different LC cells by a non-
chemical way. A low fraction of the ferroelectric particles led to
the broadening of the reflection band, essential decreasing of the
driving voltage for switching between bistable textures and
increasing the steepness of the switching. These changes are the
result of the strong effect of the ferroelectric particles on the
optics and dielectric properties of the nematic matrix. The
observed increase of the birefringence and dielectric anisotropy of
the nematic matrix by the particles is caused by a giant dipole
moment of ferroparticles that change the intermolecular
interaction in the LC matrix and give a direct contribution to the
value of the effective dielectric constants of the matrix. The
obtained results seem to be very important in view of
improvement of the working characteristics of the materials
utilized in bistable cholesteric LCD’s.



6. Acknowledgements

The work was made in part due to the Grant of National Academy
of Sciences of Ukraine “Investigation of Electro- and Magneto-
Optical, and Photorefractive properties; Structure and Phase States
of Nano-Composites Based on Liquid Crystals with Organic and
Inorganic Dopants“. A.G. is grateful to the Research Corporation
for the Cottrell College Science Award for “...creation and
exploration of structured colloids.”

7. References
[1] Shin-Tson Woo and Deng-Ke Yang. Reflective Liquid
Crystal Displays. John Willey & Sons (2001).

S I )
finr it B

AN W
—_

—
3
—

23.3/ A. Glushchenko

I.Shiyanovskaya et al. Proceedings of IDRC’06, 32 (2006).
Yu.Reznikov et al. Appl.Phys.Lett, 8, 1917 (2003).

O.Buchnev, C.I.Cheon, A.Glushchenko, Yu.Reznikov,
J.L.West. Journ. SID 13/9, 749 (2005).

O.Buchnev et al. Asia Display/IMID’04 Proceedings (2006)

V.Yu.Reshetnyak, S.M.Shelestiuk, T.J.Sluckin.
Mol.Cryst.Lig.Cryst., 454, 201[603] (2006).

F.Li et al. Phys.Rev.Lett. 97(14) 147801 (2006).

P-.G.de Gennes, J.Prost. The Physics of Liquid Crystals,
Oxford University Press, NY, USA (1994); D.Chen,
G.Luchkhrust. Trans.Faraday.Soc., 65, 656 (1969).

SID 07 DIGEST - 1089




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


