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Foreword

Dear Friends and Colleagues,

The 29" Edition of the International Liquid Crystal Conference (ILCC 2024) was held
for the first time in Latin America, from July 21 to 26™, 2024. Brazil was chosen to host
this important event due to its importance and relevance in the field of liquid crystals. In
addition, Rio de Janeiro with its unparalleled natural beauty, is a city full of history and
very friendly people.

The organizing committee was dedicated to encouraged students, young researchers and
women to participate, considering the importance of new generations and women
representation in the International Liquid Crystal Society (ILCS). 35 different countries
were represented, consisting of 34.6% women, 65.1% men and 0.3% others, and
encompassing 62.3% professionals and 37.7% students. Women were 37% of the invited
speakers and 31% were young researchers.

The ILCC 2024 was a great success thanks to your participation and communications,
being a stage for science discussions and collaborations related to liquid crystals, their
fundamentals, novelties, applications and trends.

Thank you very Much! (Muito obrigado!)

ILCC 2024 Organizing Committee.
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Active nematics: A new approach to mechanobiology?

Yeomans, Julia M.

Julia.Yeomans@physics.ox.ac.uk

The Rudolf Peierls Centre for Theoretical Physics

Clarendon Laboratory, Parks Road, Oxford, OX1 3PU, UK

Keywords: active nematics, active turbulence, topological defects, mechanobiology,
gastrulation

Active materials such as bacteria, molecular motors and eukaryotic cells continuously
transform chemical energy taken from their surroundings to mechanical work. Dense active
nematics show mesoscale turbulence, the emergence of chaotic flow structures characterised
by high vorticity and self-propelled topological defects. I shall describe the physics of active
nematics and discuss how this may be relevant to biological processes such as cell sorting and
early embryogenesis.
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Advanced Functional Liquid-Crystalline Materials
Takashi Kato'*?

*Corresponding author: kato@chiral.t.u-tokyo.ac.jp; t-tkato@g.ecc.u-tokyo.ac.jp

! Department of Chemistry and Biotechnology, School of Engineering, The University of Tokyo, Hongo, Bunkyo-
ku, Tokyo 113-8656, Japan; 2 Research Initiative for Supra-Materials, Shinshu University, Wakasato, Nagano, 380-
8533, Japan

Keywords: Liquid Crystal, Self-Organization, Nanostructure, Supramolecular Assembly

Supramolecular self-assembly of ligiud-crystalline (LC) molecules has attracted much attention
because a varitey of advanced functions of transport, information, sensing, acturation,
photofunction, and biofunctions can be induced due to these dynamic and self-organized
structures. Design of molecular structures and control of molecular interactions are the key to
obtain highly functional LC nano-assemblies.!”” Here nanostructured functional LC materials
are presented in view of design and self-organization of 1D, 2D, and 3D nanostructures.
Collaboration of materials design with molecular dynamics (MD)>*° simulation and advanced
measurements'®!! are also described. For example, smectic LC materials have been applied to
2D nanostructured electrolytes’!> and water treatment membranes™'>. Stable behavior as
lithium ion batteries was observed for the 2D LC electrolytes.”!> High virus removal was
achieved for nanostructured polymers preserving 2D smectic structures derived from phase
segregation.>!? Relationships of 1D, 2D, and 3D nanostructures and their advanced functions
have been studied by MD simulation and X-ray spectroscopy.®>!'®!! For example, 2D phase
structures and their transitions of smectic electrolyte moleules are well explained by the results
with electron-density maps obtained by X-ray and MD simulations.” Moreover, selective
properties of subnanoporous water treatment LC membranes have been well explained by soft
X-ray emission study of the synchrotron facilities.!! Liquid crystals have great potential as
highly functional soft matter in a variety of fields based on nature of self-organized dynamic
structures.

Acknowledgements: Financially supports of KAKENHI JP19HO05715, JST-CREST
JPMJCR1422, JPMJCR20H3, and MEXT Material R&D project JPMXP1122714694 are
gratefully acknowledged.
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Polar Order in Liquid Crystals

Calum J. Gibb', Jordan Hobbs?, Diana Nikolova?, Tom J. Raistrick?, Helen F. Gleeson?, and
Richard. J. Mandle* '

! School of Physics and Astronomy, University of Leeds, UK, LS2 9JT
2 School of Chemistry, University of Leeds, UK, LS2 9HT

*E-mail: rmandle@]leeds.ac.uk

Polar molecules are ubiquitous in our daily lives (e.g. water), possessing regions of positive and
negative charges that generate a permanent electric dipole moment. While these dipoles are
usually randomly oriented and cancel out in condensed phases, the ferroelectric nematic phase
(NF) is an exception; the constituent molecular dipoles align parallel to each other, resulting in
a bulk material that is polar. [1-7] In just a few years the NF phase has transitioned from being
a curiosity found only in one or two materials (RM734, DIO), to being an established area of
LC science.

The NF phase is just one example of a LC phase that exhibits polar order. In this talk, I will
outline our ongoing work at the University of Leeds that focuses on new materials design and
development allied to predictive simulations and calculations, the discovery of new polar phase
types, and our development of room temperature NF materials.

Fig. 1: Proposed structure of a helical polar smectic C variant discovered at the university of Leeds (left), which
displays selective reflection (right) and operates at sub ambient temperature. [7]
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Spontaneously polar or/and twisted liquid crystal structures
Ewa Gorecka*

Faculty of Chemistry, University of Warsaw; Warsaw, Poland

*Corresponding author: gorecka@chem.uw.edu.pl

Keywords: polar nematics, chirality, twist-bend phases

In nature, helical structures are widespread and manifest across a range of scales, spanning from
nanometres to macro scales. Helices are often formed by biological polymers, such as DNA or
collagen, and their formation is attributed to the twisted assemblies of chiral molecules,
stemming from the asymmetry in the arrangement of neighboring components. However, it is
noteworthy that helices are not exclusively linked to molecular-level chirality.

Liquid crystals, specifically the twist-bend phases (nematic and smectics), composed of achiral
bent dimers or rigid bent-core molecules, have been recognized for several years. The short
helices observed in these phases are attributed to a reduction in bend elasticity resulting from
the distinctive molecular shape. While the twist-bend nematic phase exhibits a relatively simple
structure with a single short helix, smectic phases have been observed to form a double helix,
with a longer helix superimposed on a shorter one [1]. Also more intricate multi-helical
structures have been identified.

Our recent research has unveiled also a ferroelectric analogue of the Ntg (polar twist-bend)
phase, comprising molecules with strong dipole moments [2].

The spontaneous helix in the polar Nt phase is
significantly longer than in its apolar counterpart,
resulting in selective light reflection in the visible range
(Fig. 1). Despite its similarity to the heliconical non-
polar twist-bend nematic phase, the genesis of this novel
liquid crystalline phase differs. It emerges due to
electrical interactions that induce a non-collinear
orientation of electric dipoles, resembling the observed
behavior of spins in magnetic systems. Considering that
the Dzyaloshinskii-Moriya interaction generates a
diverse array of chiral topologies in magnetic spins, such
as helical or skyrmion phases, one may pose the question
of whether an analogous interaction of electric dipoles
may lead to similar structural complexity.

Fig. 1 Phase transition form Nrto helical Ntsr
phase

Acknowledgements: The research was supported by the National Science Centre (Poland) under the grant no.
2021/43/B/ST5/00240 and by Military University of Technology under research project UGB 22-801.
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Stimuli-Responsive Liquid Crystalline Materials:
From Tunable Photonics to Deformable Soft Systems

Quan Li*
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Institute of Advanced Materials and School of Chemistry and Chemical Engineering, Southeast University,
Nanjing, China; http://www.quanlilab.com

Keywords: Stimuli-Responsive, Liquid Crystal, Tunable Photonics, Deformable Soft System

Liquid crystals (LCs) represent a fascinating state of matter that combines order and mobility
on a molecular and supramolecular level. The unique combination of order and mobility results
in that LC is typically “soft” and responds easily to external stimuli. The responsive nature and
diversity of LCs provide tremendous opportunities as well as challenges for insights in
fundamental science, and open the door to various applications. Conventional nematic LCs
have become the quintessential materials of LC displays. With the LC displays ubiquitous in
our daily life, the research and development of LCs are moving rapidly beyond display
applications and evolving into entirely new and fascinating scientific frontiers. In my talk, I
will focus on our recent research and development on stimuli-responsive liquid crystalline
materials: from tunable photonics to deformable soft systems.
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Characterisation of liquid crystals via textures: from polarising
microscopy to machine learning

Dierking, Ingo1

*Corresponding author: ingo.dierking@manchester.ac.uk

"Department of Physics and Astronomy, University of Manchester, Oxford Road, Manchester, M139PL, UK
Keywords: polarizing microscopy, textures, defects, Voronoi patterns, machine learning

In this tutorial we will discuss a range of methods to characterize liquid crystal phases by their
textures. Starting with polarizing microscopy we will show the most characteristic textures of
various different phases from nematic to smectic and soft crystals and explain some of their
characteristic appearances and defects [1]. Similarly, we will shortly introduce chirality and
demonstrate how novel phases such as Blue Phases and Twist Grain Boundary Phases may
appear with novel and different textures and defects.

After illustrating how we can verify the structure of some liquid crystal defects [2,3], we will
proceed to a short comparison with solid state systems, which often show similar defects as
liquid crystals but on a very different length scale. In this context it is also demonstrated that
many liquid crystal textures can in fact result from growth via a rather universally employed
algorithm called Voronoi diagrams, leading to Voronoi textures [4,5].

At last, we will explore how far modern machine learning algorithms like convolutional
networks and inception models can be employed to characterize liquid crystals. A range of
examples will be presented from simple transitions involving the nematic phase to more
complicated scenarios involving nematic, fluid smectic, and hexatic smectic order [6], and even
soft crystal phases. Also, complete phase sequences in chiral liquid crystal with paraelectric,
ferroelectric, ferri-, and antiferroelectric phases will be demonstrated to be predictable by
machine learning [7]. Advantages and disadvantages of machine learning will be discussed,
also in sight of traps to avoid [8].
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Liquid Crystal Industry Post Displays

Bahman Taheri

Alphamicron — USA

The liquid Crystal display industry has undergone a significant change over the past decade. Its
exponential growth was followed by market saturation and commoditization of LCD products.
This, in turn, has had a profound effect on the science and technology in this field. In this tutorial
we examine how to navigate this industry by exploring other potential market sectors that can
utilize unique characteristics of liquid crystals. Emphasis will be placed on use of guest-host
systems for Augmented reality, Transportation, and architectural applications.
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Keywords: charge carrier transport, mobility, time-of-flight, organic transistor

Liquid crystals are interesting materials not only for display application but also electronics
application. The nature of self-organizing molecular aggregation of liquid crystals are very
important as organic semiconductor materials because the charge carrier transport in organic
semiconductors was controlled by the molecular alignment and order. In my tutorial talk, I will
show the fundamentals of electronic properties and charge carrier transport in organic
semiconductors and overview the research for charge carrier transport properties and organic
electronics devices in liquid crystalline materials.

Charge carrier transports in discotic and smectic liquid crystals were mainly investigated by
time-of-flight technique. The electronic transport in a columnar hexagonal liquid crystal phase
was revealed and the mobility show 10~ ¢m?/Vs in 1993.[1] The electronic transport in a
smectic liquid crystal material was also showed and the mobility was 10~ ¢cm?/Vs.[2] For the
charge carrier transport in liquid crystals, the purity of material are very important and impurity
molecules occurs ionic transport in especially low viscosity liquid crystal phases.[3] Electronic
transport was also exhibited in nematic phases of highly purified samples. Furthermore, the
polycrystalline thin film via liquid crystal phases showed high mobility over 0.1 cm?/Vs, which
indicated the controllable grain boundaries directions by the molecular alignment and
anisotropy crystal growth.[4] Otherwise, grain boundary seriously damages charge carrier
transport in non-liquid crystalline materials. Thus, liquid crystalline materials can be used in
both liquid crystal phase and crystal phases.

['will also talk about liquid crystalline materials for organic electronic device such as organic
transistor, organic light emitting diode, and organic solar cells. In organic transistors, the
mobility is very important parameter, so crystalline small molecule and conjugated polymer
materials are mainly used because the molecular order is high in crystal phases.[5,6] Liquid
crystalline materials play an important role in solution fabrication process because it is possible
to fabricate uniform thins films via uniform liquid crystalline thin films. The crystal phase of
liquid crystalline phenyl-benzothienobenzothiophene derivative showed very high mobility
over 5 cm?/Vs and small variation.[7]
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The impedance spectroscopy technique involves applying an oscillating electric field at
different frequencies to a sample [1]. The impedance response of the sample provides
information about various physical parameters, such as ionic motion, adsorption-desorption
coefficients, viscosity, molecular polarization, conductivity, and growth dynamics [2]. The
Poisson-Nernst-Planck (PNP) diffusing model, particularly its extension PNPA (anomalous),
formulated using fractional calculus, has been shown to be a robust approach to interpreting
impedance data in soft matter. Unlike the Warburg diffusion model, PNPA simultaneously
satisfies the fractional diffusion equation and Poisson's equation, offering more reliable results.

The focus of the tutorial is thus on using impedance spectroscopy connected to the PNPA model
to study ionic diffusion in soft matter, in general, and in cholesteric and modulated liquid crystal
materials, in particular [3]. The model uses fractional derivatives to measure diffusivity rather
than examining conductivity directly at low frequencies. Fractional calculus has been shown to
be a valuable conceptual and formal tool to handle an entire class of problems [4,5]. For this
reason, in this tutorial, we review the main fractional tools to formulate a diffusive model in
terms of time-fractional derivatives and apply it to investigate the impedance spectroscopy of
nematics, cholesterics, and other modulated phases of liquid crystals (like the twist-bend ones)
in the framework of the PNPA model and anomalous diffusion behavior [6], aiming to
characterize the physical parameters and diffusivity from the conductivity at low-frequency
regimes [7].
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Recent Advances of Ionic Liquid Crystals
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Ionic liquid crystals (ILCs) can be considered as a joint venture of ionic liquids (ILs), i.e.
organic salts with melting points below 100°C, and thermotropic liquid crystals with anisotropic
physical properties [1, 2]. However, beyond merging the physical properties of two different
classes of soft matter materials ILCs possess unique properties such a 1D ion conductivity.
Moreover, their phase behaviour is quite different from neutral thermotropic liquid crystals due
to the importance of Coulomb interactions for the liquid crystalline self-assembly. The tutorial
will discuss the unique phase behaviour, structure-property relationships, design and synthesis,
theoretical concepts and recent applications of ILCs [3].

NON- NON
~ o NC 0 ~
BF, B°

1120 SmA 29 Cr 196 SmA

Figure 1: Tailoring the structure of IL (e.g. [BMIM]BF4) and LC (e.g. SOCB) results in ILCs
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Liquid crystal planar optics (LCPO) is emerging as a new type of optical elements with unique
features like ultra-thinness, high efficiency, large angular/spectral bandwidths, polarization
selectivity, and dynamic modulation [1]. In this talk, I will cover how the basic physical
properties like the molecular configuration of LCPO and its optical responses are discovered
and studied. The advances of fabrication techniques for future mass production and high
degrees of freedom are also discussed. Finally, the applications of LCPO in near-eye displays
like augmented reality and virtual reality are explored.
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Figure 1: Outline of talk. a Simulation of LCPO molecular configuration. b Optical properties
of LCPO. ¢ Holo-imprinting of LCPO for mass production. d Full degree-of-freedom LCPO.
e Wide field-of-view augmented reality display. f Pupil steering display
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Electro-optics of oblique helicoidal cholesterics
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Absorbing materials such as pigments, inks and dyes produce colors by partially consuming the
energy of light. Alternatively, colors can occur as a result of interference and diffraction of light
scattered at the periodic structures with submicrometer length scales. The structural colors
depend on a view angle and typically originate without energy losses which explains their
widespread in Nature (bird’s feathers, butterfly wings, beetles etc). The challenge is to produce
mimiking materials in which the structural colors could be dynamically tuned. Among the
oldest known materials capable of producing structural colors are cholesteric liquid crystals.
Light causes coloration by selective Bragg reflection at the periodic helicoidal structure formed
by cholesteric molecules. The cholesteric pitch and thus the color can be altered by chemical
composition or by temperature, but the color tuning by electromagnetic field remains
challenging. We demonstrate that a cholesteric material with a new oblique helicoidal (Chown)
state [1-2] can produce total reflection of an obliquely incident light of any polarization [3-4].
The material reflects 100% of light within a band that is continuously tunable by electric field
through the entire visible spectrum while preserving its maximum efficiency [4]. Broad electric
tunability of total reflection makes the Chon material suitable for applications in energy-saving
smart windows, transparent displays, multispectral imaging, virtual and augmented reality.
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Figure 1: Electrically tunable total reflection of light produced by thin Choy film, 23 pm;
angle of light incidence is 45°.
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In 1916, Max Born envisioned a ferroelectric fluid in which all the dipoles point in the
same direction. One century later, the ferroelectric nematic (NF) liquid crystal phase was finally
found. T will present the first-principles evidence [1] for this ferroelectric nematic phase
including polarization measurements which showed that the polar ordering in the NF liquid was
nearly perfect, the largest ever observed in a fluid, and comparable to that of solid-state
ferroelectrics. In the work that followed, three other new phases were discovered, the chiral
NF with helical polar order [2], and two phases with fluid layers, the antiferroelectric SmZA
[3,4], and the ferroelectric SmAF with comparable polarization [5]. The unique domain
structures, defects, x-ray scattering, and electro-optic response of these phases of the
ferroelectric nematic realm will be discussed.

Figure 1:Ferroelectric nematic realm: (A) Ferroelectric nematic (Nr) (B) Ferroelectric
smectic A (SmAF) (C) Pi twist ferroelectric nematic (D) Anti-ferroelectric smectic Z (SmZa)
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Liquid crystalline elastomers (LCEs) are stimuli- oo J > \l/ ‘N~ g
responsive polymers that combine the functional = <"1 =)~

properties of liquid crystals with the elastic properties 7 “tor "

of polymer networks. Reversible deformations are \ J
achieved in these materials by inducing a phase I

transition from the liquid crystalline mesophase to the g - a
isotropic phase, imposing a force on the polymer - /& > a“

. of VU
network connecting the mesogens. Notably, the form \ _/Z_/M{’ﬂ
of deformation produced in LCEs is dependent on a [ i
combination of the global orientation of mesogens

within the polymer network, phase transition

temperatures, network topology, and the elastic free . - I \
energy of the system. As such, it is necessary to T o

consider mechanisms for tuning each component and ’éﬁ\
understand the underlying crosstalk of these '

parameters. Figure 1: Fundamental liquid crystal and

This work demonstrates fundamental correlations ~POIYMer network properties translate to

between liquid crystalline phase behavior and functional . .per.forr.nar}ce gnd
reprogrammability in liquid crystalline
polymer network topology as related to common clastomers

alignment methods and polymerization strategies for

synthesizing LCEs. [1] These relationships are then

used to design complex actuations through spatial patterning of material properties to induce
mechanical instabilities. [2] Finally, dynamic chemistry is leveraged to combine complex
actuation modes and reprogramming modes of deformation in LCEs. [3] Overall, these studies
demonstrate how manipulation and characterization of the intertwined properties of LCEs are
critical to the application-driven design of LCEs as functional materials.
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A novel B,O,N-doped mesogen with narrowband MR-TADF emission
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Columnar self-assembly promotes enhanced charge transport in discotic liquid crystals (DLCs)
which are therefore applied in (opto)electronics. Among those materials, multifaceted boron-
doped polycyclic aromatic hydrocarbons (B-PAHs) have been largely neglected. Additional
doping with electron-donating heteroatoms can cause antagonistic resonance effects. The
resulting small singlet (S1) and triplet (T1) energy gap allows for multiresonance thermally
activated delayed fluorescence (MR-TADF) via reverse intersystem crossing. This possibility
to harvest T: states and the narrowband emission of such PAHs are highly sought after
properties for organic light emitting diodes (OLEDs). Benefits of combination with liquid
crystals like improved processability and OLED performance were recently demonstrated using
a boron-free discotic nematic.!!
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Figure 1: BON-LC structure, emission and absorption spectra under various conditions.

To shed light on B-PAH DLCs’ great potential, an MR-TADF core motif was decorated with
mesogenic groups by Suzuki-Miyaura cross-coupling yielding the first columnar MR-TADF
DLC BON-LC. Polarized optical microscopy, differential scanning calorimetry and X-ray
diffraction revealed a broad and columnar hexagonal ordered (Colno) phase. Narrowband
emission from the B-PAH core and MR-TADF in doped (polystyrene matrix, 1 wt%) form were
observed in photophysical investigations. Strong aggregation in the mesophase resulted in
broad excimer emission without delayed component.
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Bent-Core Liquid Crystals (BCLCs) is still a prominent area in the liquid crystal
research field due to their unique self-assembly and properties, in addition to presenting
potential for new applications in smart displays and electro-optical devices, mostly because of
their ability to facilitate fast switching responses.[1] This has increased the interest in the
development of novel curvature core that exhibit a wide range of structural combinations. By
means of this, the current work studied the applicability of a bent-core derived from
dibenzalacetone (DBA) (Figure 1a, left) as a bent unit (BU) in BCLCs. This BU is intriguing
due to its absence of global aromaticity while simultaneously possessing the ideal angle for
bent-shape liquid crystals and a prominent transverse dipole moment generated by the carbonyl
group.[2] In light of that, five new molecules containing the dibenzalacetone derived center
were studied in which three of them presented mesomorphic behavior (E-C12, E-3C12 and
EE-C10). While the O-C12 molecule did not show mesomorphism, indicating a minimum
anisometry for DBA, the product E-C12 exhibited a dark conglomerate mesophase between
171 and 140 °C. The increase of the number of peripheral long alkoxy chains initially
suppressed mesomorphism (E-2C12), to later stabilize a Coln (E-3C12), as suggested by the
texture observed by POM and XRD data. Finally, a new increase in molecular length promoted
a polymorphism for EE-C10, which displays both a SmC and a B1 phase, the latter being
characteristic for bent-shape liquid crystals. The results show that DBA is promising for the
development of BCLCs, presenting mesophase variability and good thermal stability.
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Figure 1: Curved structures derived from DBA synthesized in this work, together with observed and proposed
mesophase textures.
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Can solution studies offer insights into LC behavior?
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Because molecular shape is a critical factor governing supramolecular organization in liquid
crystals, material scientists typically rely on shape-persistent mesogens that organize in
predictable, albeit limited, ways. In contrast, Nature routinely uses flexible building blocks to
achieve an incredible range of complex biological nanostructures. In order to harness the
considerable potential of flexible mesogens in LC design, our group has been investigating the
relationship between bulk properties and the dynamic structures of molecules.

During routine characterization, we noted that discotic dimers composed dibenzophenazine
groups connected by flexible linkers exhibited complex conformational dynamics in solution.
Detailed NMR investigations indicated that these molecules adopt both compact (folded) and
extended (unfolded) conformations; the degree of folding and the geometries of the individual
conformers were found to strongly depend on the nature of the linking group. These structural
changes were also accompanied by dramatic changes in mesophase stability, which prompted
us to consider whether solution-phase dynamics, alongside DFT calculations, could provide
insights into the thermotropic liquid crystal properties of flexible dimers.

In this presentation, I will provide an overview of our efforts to untangle the subtle interplay
between molecular structure, conformation, and liquid crystallinity for a growing family of
discotic dimers. These multi-pronged studies include synthesis, theoretical modelling and
spectroscopic experiments aimed at uncovering the structural features that govern folding in
solution and their implications for liquid crystal behavior. Although these relationships are often
complex, our findings provide a new perspective on materials properties based on dynamic
rather than static molecular structures.

Figure 1: A folded discotic dimer
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Chiral liquid crystals (LCs) exhibit distinctive optical and mechanical properties, making them
promising functional soft materials with potential applications in both scientific research and
advanced technological applications.[1] The introduction of chirality into liquid crystals leads
to the formation of helical structures, achievable by incorporating a stereogenic center within
the LC molecule itself or by adding chiral mesogenic or non-mesogenic dopants into the LC
host.[2] Chiral LC phases, characterized by increased complexity and unique properties, are the
focus of our investigation.

Herein, we present the synthesis and mesomorphic properties of a series of LC dimers with a
chiral centre as a part of their flexible spacer (Figure 1). Prepared dimers vary in spacer length
and parity and were synthesized in both racemic and enantiomerically pure form. This allowed
us to investigate the influence of spacer parity on mesomorphic behaviour and compare the LC
phases generated by both racemic and chiral LC dimers.

By increasing the spacer length we affected the effective bending angle, resulting in the
formation of both racemic and chiral forms of the twist bend nematic (Nts) phase. The
morphological differences between these two forms were significant, leading to the observation
of hierarchical chiral structures in the N*rg phase. Furthermore, we investigated the ability of
chiral dimers to induce helical organization in the nematic phase of different nematic hosts. An
evident odd-even effect was observed in the helical twisting power (HTP) values. These results
contributed to general understanding of how intrinsic chirality, located in the spacer of LC
dimers, influences the overall structural chirality.

SO TR

m=3,5,6,7,8,9
C4HgO
Figure 1: General structure of synthesized dimers.
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Luminescent Liquid Crystals via Click Chemistry
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We report the synthesis and study of bent (2,1,3-benzothiadiazolyl)triazole (BTT) derivatives
with different peripheral units connected to the BTT core via triple bonds. The click reaction
was used as a tool to construct the central unit (benzothiadiazolyl)triazole. The molecules
exhibited calamitic mesomorphism when long alkoxy groups terminally substituted them.
These compounds combined smectic liquid-crystalline self-assembly with strong fluorescence
not only in solution but also in the condensed state. The BTT derivatives show intense
photoluminescence in the yellow region (510 to 555 nm) and with quantum yields that reach
90 % efficiency both in solution and in thin films. DFT calculations indicate dihedral angles of
29-31° between the benzothiadiazole and triazole rings, which may suppress pi-stacking and
consequently reduce fluorescence quenching in the solid phase. They also show potential for
specific detection of iron ions by selective fluorescence quenching. This work demonstrates
that the (2,1,3-benzothiadiazolyl)triazole system is viable for preparing luminescent liquid
crystals with high quantum efficiency.
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Figure 1: Synthesis of the target molecules 7a-f.
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Rod and disc are two categories of mesogen RO OR

in terms of anisotropic shape of molecules and O

the mesomorphic properties of combination of O

these parts (rod and disc) have been so far RO O Q OR

studied as mixtures. It was found that the
combination of tetradecyloxyazobenzene as a
rod part and a triphenylene as a disc part
which are covalently bonded with an qi.¢cn3 R- }/C'(CHz)s‘@*Nﬁ
propylene-ester linkage exhibits SmA-Colr 0 N
phase transition in both thermal and photonic
processes [ 1] and recently the mechanism was 2-Cn-3  R= —(CH2)3—®7N\\
studied to propose that the conformation NOOC Han
change surely takes place at the SmA-Colr
phase transition (Fig.1) [2]. For the dodecyl SmA Colr
homologue, the ester and ether linkage ——F———
derivatives ~ were  reported on their
mesomorphism to give softness of the linkage
significantly affect the variation of mesomorph-
ism [3]. In this work, the comparison of
mesomorphism of the ester and ether analogues
(1-Cn-3 and 2-Cn-3, respectively) is shown to
discuss on the relation of mesomorphism to the
alkyl chain length as well as the linkage group.
In both alkyl homologues, some compounds exhibit calamitic-discotic mesophase transition.
However, the richer diversity of mesophase was seen for the ether analogues (2-Cn-3) and the
mesophase thermal stability is decreased in comparison to the ester ones (1-Cn-3), probably
due to the flexibility of linkage part.

Fig.1 proposed mechanism of SmA-Colr
phase transition (thermal).
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The simplest liquid crystal phase — the nematic phase — is nowadays ubiquitous in our daily
lives, and its ability to switch on application of an electric field underpins much of the multi-
billion-pound liquid crystal display industry. Current LCD technology is limited by the speed
at which the nematic phase can ‘switch’ and for this reason — and of course scientific curiosity
— we seek new liquid crystal phases with the possibility of transformative applications in
displays and beyond. Two such ‘new’ phases, for which recent studies appear to show incredible
potential, are also nematic in nature — the twist-bend nematic phase, Nrs,[1] and the
ferroelectric nematic phase, Nr.[2] More recently, heliconical twist-bend smectic C (SmCrs)
phases have also been discovered for liquid crystal dimers[3] and it appears that a range of
variants of this phase, similar to the SmC* subphases observed for chiral molecules, are
possible.

Figure 1: General structure and archetypical molecules of the Nt (left) and Nr (right) phases.

From a chemist’s perspective, understanding the molecular features influencing the formation
and stabilisation of these new phases is of paramount importance, and allows for the design of
new materials that have targeted properties. As such, recent work in Aberdeen has had the
primary aim of enhancing our current understanding of these relationships in dimeric[4] and
low-molar-mass liquid crystals,[5] through the synthesis and characterisation of a diverse range
of materials.
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Liquid-crystalline dimers are intriguing materials due to their unique mesomorphism,[1]
spontaneous chiral Nts phase formation,[2] and their ability to stabilize specific properties
important for technology when used in mixtures.[3] However, dimers with a chiral spacer are
rare.

The synthesis and mesomorphic behavior of a novel series of dimers containing 3-aryl-3-
hydroxypropanoic ester subunit (Fig. 1) will be presented. The chiral moiety containing the
hydroxyl group at the stereogenic center was successfully incorporated into the spacer without
losing liquid-crystalline properties in the bent-shaped dimers. These dimers were prepared in
both racemic and enantiomerically pure forms, with different spacer lengths, parity, and
aromatic mesogenic units. The discussion will focus on the impact of spacer chirality and parity,
as well as the effect of different aromatic mesogenic units on chirality transfer from molecular
to multiple levels of structural chirality.

HO 0

H
N
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Figure 1: General structure of the chiral dimers and some of their unusual POM textures
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It is well-known that some of rod-shaped phenyl benzoates containing a polar functional
group behave thermotropic liquid crystal materials. In our previous study, it has been reported
that some of 2-alkoxy-6-[4-(2-perfluorohexyl)ethylthiophenyl]naphthalenes exhibited a
smectic A phase and gelatinized several organic solvents. [1] In this study, phenyl benzoates
containing a fluoroalkyl chain (Figure 1) were synthesized and evaluated mesomorphic and

gelation properties.
(o]
C6F13C2H484©_< CGF1302H4S@O
OOOCanm }-—@OCnHm
(¢}
Compounds 1-n (n=1-12) Compounds 2-n (n=1-12)

Figure 1: Chemical structures of compounds 1-n and 2-n.

Phase transition temperatures

were analyzed using differential scan-
ning calorimetry and a polarized op-
tical microscope (POM). Compound
1-8 an exothermal peak at 105 °C
(latent heat; AH = 38.6 kJ mol ') on a
heating process and detected two g NS s N5 2 :
endothermal peaks at 97 °C (AH = —  Figure 2: Images of polarized optical microscope
27.1 kJ mol™!) and 103 °C (AH = — observation for (a) 1—8 (90 °C on a cooling process), (b)
10.0 kJ mol™) on a cooling process. 2-8 (100 °C on a cooling process).
On the other hand, compound 2-8 detected two exothermal peaks at 79 °C (AH = 26.7 kJ mol™
) and 95 °C (AH = 11.6 k] mol™") on a heating process. When each compound in bulk state
observed using a polarized optical microscope, it formed a typical focal conic fan texture
(Figure 2). Liquid crystal phases of compounds 1-8 and 2-8 can assign to be a monotropic and
an enantiotropic SmA phases, respectively. In addition, compounds 1-8 and 2-8 which added in
amount of 3wt% or less were able to gelatinize propylene carbonate.

In this presentation, effect of mesomorphic and gelation properties on elongation of a
terminal alkyl chain and structural analyses of organogels using spectroscopic and
computational studies will be also reported.
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This work focuses on the synthesis and characterization of a family of side chain liquid
crystalline polymers of 4'-alkyloxyphenyl 4-(6-(methacryloyloxy)hexyloxy))benzoate. These
polymers were obtained by an electroinduced polymerization [1] of their respective monomers
[2]. All polymers shown enantiotropic mesophases. Shorter EP polymers shown nematic and
SmA phases, while longer ones SmA and SmC phases, unlike their acrylic counterparts
previously studied [3]. An interesting feature is the transition from single layer to double layer
smectics phases when the terminal chain in the monomer increases from 4 to 5 methylenic units.

The phase diagram obtained is depicted in
Fig 1 and was constructed by obtaining the
transition temperatures by modulated
differential scanning calorimetry (MDSC),
while the mesophases identification were
determined either by TD-XRD or wide-
angle x-ray scattering (WAXS).
Polarized optical microscopy (POM)
observations were also carried out during
the polymerization process, and despite the
alignment in the samples and the low
mobility of the phases obtained it was
useful for differentiating between nematic
and smectic phases.
The new polymerization process is a powerful technique that can be synergistically
employed in specific applications, especially in the development of advanced liquid crystal
devices and optoelectronic systems.
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The understanding of self-assembly features is crucial to the development of soft materials.'
Imidazophenanthroline (ImPhe) is a promising N-heterocyclic nucleus for application in
materials science, but it is still poorly explored in the field of liquid crystals.? This work reports
an experimental/computational-combined study for the understanding of the thermal behavior
of three non-conventional and non-symmetrical ImPhe-based mesogens (Fig. la). Our
preliminary findings based on POM and DSC techniques show that the length of the alkyl
chains affects considerably the thermal behavior. While the presence of two octyl chains in 1a
does not induce mesophase formation, decyl and dodecyl chains, in 1b and lc, respectively,
result in monotropic and enantiotropic liquid crystals. Notably, compound 1b presented Smectic
X (SmX) mesophase on cooling from 131 °C to -20 °C (Fig. 1b). On the other hand, compound
Ic, on heating, presented SmX mesophase from 130 °C to 24 °C, and, and Glassy Smectic X
(GSmX) mesophase on cooling (Fig. 1c). Computational results suggest that self-assembly of
the dimers of each ImPhe derivative is strongly driven by m-m stacking interactions, which
becomes less pronounced when longer alkyl chains are presented, such as in the comparison of
compounds la and 1c (Fig. 1d), and this feature can be correlated to the variations in the
observed thermal properties.
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Figure 1: a) Chemical structures of ImPhe; b) Mlcrophotograph of compound 1b in the SmX
mesophase; ¢) Microphotograph of compound 1c on the GSmX mesophase; d) Lowest energy
conformers of the dimers of 1a (left) and 1c (right) and their calculated energies (in kcal/mol).
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Generally, liquid crystal (LC) phases and molecular gels are known as one of the self-
assemble phenomena of molecules, and of interest from the viewpoint of their molecular
arrangements and structures. However, the correlation between the LC phase and the self-
assembled structures of molecular gels is not clear.

Recently, we reported several LC materials having a coumarin skeleton show gelation ability
in various organic solvents [1-3]. Here, we report that the physico-chemical property and the
molecular arrangements in a smectic A phase for LC materials having a coumarin skeleton
(Figure 1, compounds 1-n and 2-n).

H
an2n+10%o 0
O 00
H o o} o (o}
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Compounds 1-n — Compounds 2-n —

Figure 1: Molecular structures of compounds 1-n and 2-n

Table 1 shows phase transition temperatures in a  Table 1: Transition temperatures for
bulk state under DSC measurement and polarity —_compounds 1-n and 2-n

microscope observation. Compounds 1-n and 2-  Comp. Transition temperature / °C "
n exhibit an enantiotropic smectic A (SmA) 16 C1311

phase and the thermal stability of the SmA phase

increased on ascending the homologue. In -8 CI126 SmA 130N 1351
addition, the homologs with an octyloxy group 1-10  C119SmA 1381

(n = 8) also exhibit an enantiotropic nematic 1-12 C 113 SmA 1451

phase. Interestingly, compounds 2-n were able to

form molecular gels with organic solvents such 2-6 C149N 2401

as 1-octanol and DMSO by added in an amount 2-8 C 151 SmA 208N 2321
0

of 5% or less. 2-10  C125SmA2051

The molecular arrangements in the SmA phase
and molecular gels will be discussed in terms of 2-12 C11I0SmA2251

the molecular shape and electrostatic nature of  *; C, SmA, N, and I indicate crystal, smectic A,
the molecules. nematic and isotropic phases, respectively.
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Complex modes of soft self-assembly can generate liquid crystals with interesting micro- and
nanostructures. Such structures have been intensively studied for X- and T-shaped
bolapolyphilic molecules having m-conjugated rods with sticky glycerol groups at both ends
and one, two, or more side-chains.[1,2] These molecules form LC honeycombs and network
structures. The honeycombs can be described by their projection on the plane as tiling patterns.
Here, the transition between triangular and square tilings is of particular interest, because of the
large area difference between them, new complex LC phase structures, including
quasicrystalline LC and their approximants, can be expected to occur at the transition between
them.[3,4] In a collaborative project between mathematics and chemistry, we searched for a
general concept to optimize the search for these new LC structures. Considering the symmetry
properties of the tilings and their transitions, and by abstraction of the main features of the
molecular structure, the chemical details were reduced to geometrical problems. This enabled
us to predict the molecular structural parameters required to achieve the envisaged LC tiling
patterns. These predictions allowed the reduction of the chemical space to be explored, thus
increasing the efficiency of materials synthesis as only a few compounds - with the highest
probability to show the desired mesophases - have to be synthesized.[5] This approach is
exemplified with molecules derived from a bolaamphiphilic oligo-(p-phenylene ethynylene)
(OPE) core with two highly branched carbosilane side chains. Considering the predictions, the
selected compounds were synthesized, and investigated by polarizing microscopy, DSC, and
X-ray scattering. The observed tiling patterns were compared with the predictions and the
gained insights were in a feed-back loop used to improve the mathematical model further.
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We present distinct effects of sulfur-based thioether linkage (C—S—C) on calamitic liquid
crystals (LCs) with linear or bent molecular shapes. C—S—C is bulkier than classic C—CH2>—C
and C—O-C because of its more flexibility and smaller bond angle, as shown in Figure 1.
Consequently, the thioether bond often disturbs LC formation for linear, rod-like molecules,
thereby resulting in non-mesogenic, monotropic LC nature, narrow LC temperature ranges, and
low phase traisition temperatures [ 1-4]. In addition, a more polarizable sulfur atom contributes
to high reflractive index and birefringence of organic materials [2, 3]

In contrast, when the thioether bond is introduced at the linker position between a central
spacer and mesogenic groups in bent LC dimers, greater bent shapes could be obtained
compared to those achieved with their methylene- and ether-linked counterparts. This is
remarkably advantageous for inducing LC phases, especially for a heliconical twist-bend
nematic phase [5]. The effects of the thioether bond on inducing LC phases strongly vary
depending on its positions and applied molecular shapes.

Bond angle C-CH,-C:~110° C-O-C:~118° C-S-C:~103 °
Bond length cC-C:~15 A C-0:~14 A C-S:~1.8 A

Figure 1: Basic bond characteristics of methylene, ether, and thioether linkages [4].
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Star mesogens with conjugated arms and a phthalocyanine core 1 (Figure) self-assemble in a
unique click process when mixed with a sterically crowded fullerene derivative [1]. The
resulting nanoscale LC donor-acceptor structure is potentially of interest for photovoltaic
applications.[2] Benzothienobenzothiophene (BTBT) compounds are excellent LC
semiconductors that exhibit extraordinarily high charge carrier mobilities.[3] Therefore, it is
attractive to replace the conjugated arms of stars 1a or 1b with a BTBT unit. A swallow-tailed
siloxane moiety was chosen as the flexible periphery, which is known to strongly lower the
clearing temperatures.[4]

This contribution describes the challenging synthesis of novel unsymmetric BTBT arms 2-4
with various functionalities (Figure 1). The phthalonitrile 2 has been prepared for a subsequent
tetramerization yielding the corresponding phthalocyanine 1c. While 1¢ does not generate
mesomorphism, the calamitic precursor 2 exhibits a low viscous broad enantiotropic SmA phase
with a clearing point of 178 °C and high ambipolar charge carrier mobilities of up to
1.1 102 cm?/Vs. These results prompted us to synthesise a family of BTBT materials with
various aromatic substituents, with the goal to lower the transition temperatures. Here we
highlight the results of their thermotropic properties studied by polarised optical microscopy,
differential scanning calorimetry and X-ray scattering techniques and complemented by the
study of their optical properties by UV-Vis absorption spectroscopy.

Figure. Structures of the zinc phthalocyanine derivatives 1a-c¢ and the BTBT mesogens 2-4.
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In order to advance the scope of chiral functional materials, it is of paramount importance to
engineer chiral bent-core liquid crystals (LCs) endowed with exceptional stability across a
broad range of temperatures. In this context, we have devised a strategic approach, utilizing the
potential of fluorinated molecules and taking advantage of the chirality of cholesterol as the
pivotal component. This synergy has enabled the successful synthesis of our target LCs nF-4R.
These molecules exhibit a chiral dark conglomerate (DC) phase over a broad temperature range
of ~85 °C in an enantiotropic manner. Dielectric spectroscopy measurements conducted on
these materials showed persistent dielectric behavior over the entire LC range. Our study stands
as a pioneering exemplar, unveiling the long-range DC phase within the intricate landscape of
chiral bent-shaped molecular systems. The mesomorphic characterization utilizing polarized
optical microscopy, differential scanning calorimetry, and small-angle/wide-angle X-ray
scattering measurements, revealed an optically isotropic DC phase. This phase shows domains
of opposing chirality and belongs to the sponge-type DC phase. Notably, the enhancement of a
specific chiral domain reveals the bias towards supramolecular chirality, attributable to
molecular chirality as supported by circular dichroism measurements. This finding holds
promise for chiral plasmonics, enantiomeric separation, and nano-templating applications.
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Liquid crystals (LCs) are relevant materials for academic and technological interest.'
Quinoxaline is a heterocyclic nucleus highly explored in LC, however its use is practically
restricted to discotic mesogens.” In this work, we present the liquid crystalline behavior and
photochemical properties of four 4-(quinoxalin-2-yl)phenyl 4-alkoxybenzoate-based hockey-
stick like mesogens (Fig. 1a). POM and DSC analysis showed that all quinoxaline derivatives
were enantiotropic nematic and smectic LC (exemplified in Fig. 1b and Fig. 1¢ for compound
QX1), with interesting mesophase ranges (up to 111 °C on cooling). The photochemical
behavior of the target compounds showed that presence of methyl groups in DMQX series
induces considerably higher emissions, especially in methanolic solution (up to ¢ = 0.15), and
AIEE phenomenon was verified in acetonitrile solution, with emission up to 5.9 times higher
(b = 0.27) when f» = 50% (Fig. lc). Photochemical results are supported by theoretical
calculations. These results are very promising and with great interest to the development of
calamitic fluorescent liquid crystals.
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Figure 1: (a) Chemical structures of QX1, QX2, DMQXI and DMQX2; (b) QX2 on cooling
at 140 °C entering in the nematic mesophase; (¢) QX2 on cooling at 132 °C in the SmA
mesophase; (d) Emission vs fi plot and photographs of solution of DMQX1 in acetonitrile
solutions.
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Subphthalocyanine star mesogens were recently reported to form highly polar lyotropic and
thermotropic liquid crystals phases. [1] The subphthalocyanine core is of great interest as non-
fullerene acceptor for photovoltaic applications. The bulk photovoltaic effect has been observed
in well aligned samples [2,3], which turns these structures into attractive targets for materials
science. Therefore, we coupled oligothiophene arms to the subphthalocyanine resulting in an
umbrella-shaped mesogen (1)generating polar columnar dimer phases.[4] In the search for
novel materials for organic electronics, the combination of the subphthalocyanine with
benzothienobenzothiophene (BTBT) arms is an attractive target, as BTBT frameworks are
among the best semiconductors known to date.[5]

Herein we present the challenging, successful synthesis of non-symmetric BTBT derivatives
tailored for cross-coupling with the tritodosubphthalocyanine core via different linking units,
resulting in target mesogens 2-4. The impact of these units on thermotropic properties and the
mesophase structure is studied by polarised optical microscopy, differential scanning
calorimetry and X-ray scattering.
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Figure. Structure of three different BTBT-subphthalocyanine star mesogenes.
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New tiling modes in LC honeycombs of rod-like bolapolyphiles
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As shown in previous work, T-shaped and X-shaped polyphilic molecules provide a route to
LC materials with new phase structures, such as honeycomb LCs and new types of network
phases [1]. Here we report a series of oligo-(p-phenylene ethynylene) (OPE) based X-shaped
molecules combining semi-fluorinated and non-fluorinated alkyl chains at opposite sides (Fig.
1). The compounds have been synthesized, and investigated by XRD and optical investigations,
and the effects of temperature, side-chain length and core fluorination were studied. The volume
of the lateral chains was chosen to be too large for triangular and too small for square cells, and
their length was slightly modified. These compounds form multicolor tiling where prismatic
cells containing the hydrocarbon chains and others containing the fluorinated chains form 2D
superlattices derived from the square chessboard tiling [2] by cell shrinkage. One mode of
shrinkage leads to a p4gm lattice composed of square and rhombic cells (angular deformation).
A second mode of cell shrinkage takes place by tilting the molecules forming the walls, thus
retaining the chessboard tiling with a smaller size (p4mm") and inverted sign of birefringence.
Finally, cell deformation by tilting the molecules in only two opposite sides, while two sides
remain non-tilted, leads to a chessboard-like tiling with rectangular cells (c2mm).

H2m+1cm\(CmH2m+1
HQ, X X O X X OH
Hofoﬁ—.—ﬁ—.—#:::oiw 23 &
’ ' ) ' ' g E E
X:H/F
F2n+1Cn/\/\)\/\/\CnF2n+1

Figure 1: Molecular structure of the reported OPE-based bolapolyphiles and represntative
two-color tiling patterns of the LC phases formed by these compounds.
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Molecular non-symmetry is a feature of interest in the liquid crystals (LCs) research due to the
observed decrease in the transition temperatures, enhanced mesophase stability, and the
prevention of crystallization through glass transitions, when compared to the symmetric
compounds."? This behaviour is of great interest for technological applications. However, for
the tristriazolotriazines (TTTs) based LCs research, to date, there has been no description of
non-symmetric molecules, i.e., those with unequal arms. Therefore, this work aims to fill this
gap by reporting two non-symmetric compounds derived from the TTT core (311 and 331) (Fig.
la). The non-symmetric 311, presented a waxy appearance at room temperature, no
mesomorphic behavior was identified, as well as no crystallization during the cooling
processes, remaining in super cooled amorphous state. On the other hand, 331 presented room
temperature Coln phase with impressive stability, ranging from -13 to 201 °C (Figure 1b),
significantly better than the 9-chain symmetric TTT, which presented Coln between 133 and
177 °C.? The Coln mesophase was confirmed by XRD, which showed a typical diffraction
pattern in addition to the m-stacking broad peak (Figure 1¢). Compound 311 and 331 presented
intense fluorescence in the blue region with quantum yields of 52 and 35% in solution (37 and
67% in thin film), respectively, higher than the 6% reported for the 9-chain symmetric TTT.
The findings show that non-symmetry is promising for the TTT derivatives, this being the first
case reported, and whose behaviour may favour future applications attempts.

This work ] —— 2° Heating \2 70nmd.) —
1 0CyH OCiHps | ——2° Cooling | = ’ "
: Ci2Hz50, . |1 1so| +
[ OCioHys | Col, I~ g
E Ci2H250, zu-v p Ci2H250, 51-?, pf AlCr L B 2
z:‘zHHO/D/< /NL)\L ! c‘szgo’D/< N )\L N | E £ |[| 186 nmd,) 0.46 nm
LoCgHgd  NONTN Cotp®d  N7NTN 2 s 1.36 nm (d;;) @) 935 nm
E N= N= .§ R'r % / 1.03nm(d,,) l (stacking)
[
w l—.’; 4 / l
OC/H OC/H &

3 6 9 12 15 18 21 24 27
- 20/°
(a) 40 0 40 80 120 160 200 ©
Temperature / °C

(b)
Figure 1. (a) Structures of the synthesized and investigated non-symmetric TTTs 311 and 331. (b) DSC
thermogram of 331 showing the wide range mesomorphism, in addition to the typical Col, texture at 150 °C
(crossed polarizers). (¢) XRD pattern of the 331 Coly, mesophase at 100 °C.
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The combination of liquid-crystalline and luminescent properties within a single compound is
of great interest in organic optoelectronics, because it may yield anisotropically aligned light
emitting materials.! The orientation of the mesogen dipoles relative to the device surface plays
a fundamental role in mitigating photon losses attributed to inefficient light outcoupling (Figure
la).2 If the aligned emitter presents delayed luminescence, the electroluminescence can be
enhanced.’ Among pure luminescent organic molecules, homotruxene, i.e. sym-
triphenyltriazine where three ethylene bridges lock the arene system into a triply twisted
configuration, has shown delayed emission, but its twisted structure impedes liquid-crystalline
behavior. To improve planarity without affecting photophysics, the non-symmetric
“monohomotruxene” with one ethylene and two methylene bridges (Figure 1b) was designed,
synthesized and characterized to assess it as a core for delayed-luminescent discotic liquid
crystals. The molecule shows phosphorescence at room temperature (RTP) (Figure 1c and 1d),
and delayed fluorescence (DF) by triplet-triplet annihilation (TTA). To combine such delayed
emission with liquid-crystalline behavior, monohomotruxene is functionalized with multiple
peripheral alkoxy substituents.
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Figure 1: (a) Anisotropic emission in an aligned OLED device by discotic mesogens; (b) oft-
planar monohomotruxene, (c) persistent orange phosphorescence observed when switching off
the UV light, (d) delayed emission as a function of temperature in a condensed film.

Monohomotruxene
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Multifunctional materials are widely used in optoelectronic devices. 1,3,4-oxadiazole and
pyrene core have such as good chemical and thermal stability and high fluorescence!!-
Furthermore, 1,3,4-oxadiazole has electron-accepting properties, while pyrene is a m-electron-
rich group with rigid nucleus ! with great potential for columnar liquid crystals.

Combining the properties mentioned above in the same material results in a good candidate for
use in OLED devices. In this work, the synthesis of three new alkyl oxadiazoles from pyrene
1,3,6,8-tetracarboxylic acid 1 and the effects of alkyl-1,3,4-oxadiazole substituents on
photophysical, electrochemical, and mesomorphic behavior were investigated, in order to
obtain a discotic liquid crystal with high fluorescence to use in the construction of OLEDs. It
was found that the 1,3,4-oxadiazole heterocycle is an excellent polar group for inducing
columnar packing and, in addition, resulting in emitters with strong luminescence and
promising for use in optoelectronic devices.
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N-heterocycles are widely employed in the development of soft-materials due to their notable
thermal, electrochemical and optical properties.! As an advance in the search for
nonconventional structure-designed soft material, this work reports the photochemical behavior
and acidchromism of new 2,4,6-triarylpyridine derivatives (Fig. 1a). The photochemical
analysis shows that most emissive material in dichloromethane solution is the carbazole-
derivative la (Aem = 406 nm; ¢r = 0.36), and a change in solvent (acetone) does not affect
considerably the optical properties. Compound 1a is also the most fluorescent material in solid
state. The effect of addition of water to the TAP derivatives in acetone solution indicated
emission improvement when electron-releasing substituents (notably, carbazole) are present in
the structure (Fig. 1b). The effect of the presence of acid in the aqueous acetone solutions of 1a
and 1f (fluor-derivative) was investigated, and this later showed considerably more prominent
acidchromism in fiw = 30%. This phenomenon was characterized by decreasing in the band at
388 nm concomitantly to an emerging band at 476 nm (Fig. 1c), and this results is in agreement
to naked eye analysis. In addition, 1f-adsorbed paper strip was found to be very effective
chemosensor for the detection of gaseous HCl by direct naked-eye analysis (Fig. 1d). Thermal
properties of these TAP derivatives were investigated by POM and DSC, however, these
nonconventional structure did not showed liquid crystalline behavior.
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Figure 1: a) chemical structures of TAP derivatives; b) Fluroescence spectra of 1a (1.0 uM) in
aqueous acetone — insert: photograph of acetone solution; c¢) Fluorimetric titration of 1f (100
uM) in aqueous acetone upon addition of HCI (pH 2.44 to 0.50) — insert: photophraphs of
soluitons in pH 3.0 and 0.50); d) 1f-adsorbed paper strips before and after interaction with
gaseous HCI.
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Fluorescent small organic molecules are key to the development of many technological
materials.! 3-Styryl-1H-quinoxaline-2-one (SQX) is a privileged scaffold due to the broad range
application of their derivatives, including application in materials science.’ In this work,
photochemical and structural behavior of two SQX derivatives (Fig. 1a) is presented. Although
the presence of one or two ocytloxy chains in SQX1 and SQX2, respectively, as well as the
nature of the solvent (hexane, dichloromethane, acetonitrile, methanol) do not lead to
representative differences in the UV-Vis data, these factors affect considerably their emissive
properties (Fig. 1b). In general, higher wavelength emissions were verified in methanol (486
nm and 540 nm for SQX1 and SQX2, respectively). On the other hand, dichloromethane
solutions presented higher intensity emissions. In addition, Stokes shifts for SQX2 are
considerably larger than SQXI1. It was confirmed the existence of reversible trans-cis
isomerism for these SQX in the presence of UV-Vis light, and this phenomena affects UV-vis
spectra of both compounds, but only emissive ability of SQX2. Computational results showed
two thermodynamically comparable frans-isomers coexisting additionally to a less stable cis
isomer. The addition of water to the methanolic solutions of SQX1 and SQX2 lead to higher
emission up to fi = 70% and 50% for SQX1 and SQX2, respectively. POM analysis and
computational data suggest that the presence of one alkoxy chain leads to a lamellar H-bonding
supramolecular organization whereas two alkoxy chains induces to a discotic H-bonding
dimerization (Fig. Ic), however, none of these compounds were found to present liquid
crystalline behavior. The structural and photophysical results reported in this work are of
interesting to the development of fluorescent SQX-based materials and further applications.
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Figure 1: (a) Chemical structures of SQX1 and SQX2; (b) photographs of SQX1 (1) and
SQX2 (2) in different solvents under light (365 nm) - clockwise: methanol, acetonitrile,
dichloromethane, and hexane; (¢) Microphotography obtained by POM for compounds SQX2.
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Linear dichroism (LD) is a fundamental form of optical anisotropy arisen from light
transmission through an anisotropic medium, and it is defined as the differential absorption of
orthogonal linear states of incident light’s polarization. Its measurement is commonly made by
a direct acquisition of absorption spectra probing the sample with either two orthogonal incident
polarization state, or with sample positioned at two orthogonal orientations (parallel and
perpendicular to a fixed incident linear state). However, such procedures lack the benefits of a
complete characterization of transmitted light, which contains full information about sample’s
anisotropies, and they are susceptible to a misplacing of the true optical orientation of the
sample, since the required light-sample parallelism is roughly estimated. In this study, we
develop an approach to acquire linear dichroism (LD) and its optical orientation data from the
Stokes parameters of light transmitted by a rotating sample. The samples, carefully aligned in
a rotating mount, are subjected to broadband vertically polarized light, and the transmitted light
is analyzed using a rotating-retarder type of spectropolarimeter. By systematically varying the
angular position of the sample, we obtain a complete set of Stokes vectors for each transmitted
wavelength as a function of the angular position of the sample. The resulting modulation of
Stokes parameters over sample orientation provide enough information for obtaining LD
spectra and its optical orientation, i.e., the spectral difference between maximum and minimum
absorption, and wavelength-dependence of the lowest-transmission axis direction. In order to
illustrate that, we performed a set of measurements with organic thin film samples of a perylene-
derivative; namely, bis-phenethylimide perylene-3,4,9,10-tetracarboxylic diimide (PhPTCD).
Specifically, to corroborate meaningful anisotropy data, we performed two simple correlation
studies. First, we compare the results for films produced by two deposition methods: Langmuir-
Shaeffer (LS) and physical vapor deposition (PVD). Then, we display the results for two LS-
PhPTCD films submitted to different thermal treatments; one kept at ambient conditions, and
the other annealed at 200°C for 2h. Such analyses yield that LS films are anisotropic, showing
significant LD signal, while PVD films are essentially isotropic, and that thermal treatment
enhances LS-PhPTCD film’s anisotropy. Our results agree with the presumed underlying
mechanisms of each film deposition method and establish a prospect line of research in
controlling and assessing the anisotropy of organic thin films, which can be deliberately
engineered during sample fabrication.
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Creating organic-inorganic hybrids is still a promising way to improve processability or even
trigger synergetic effects.[1,2] We present hybrids of discotic liquid crystals (DLCs) based on
alkoxy substituted dibenzo crown ethers (CE) and near infra-red emissive molybdenum cluster
compounds obtained via complexation. All hybrids showed a columnar hexagonal mesophase
with a broader temperature range than the pure DLCs. Their lattice parameters derived from
X-ray diffraction (XRD) analysis suggest a tighter packing for most hybrids. Changing the
cluster’s inner ligands from CI™ to Br~, showed an additional increase in temperature stability,
as verified via differential scanning calorimetry (DSC) and polarized optical microscopy
(POM). Emission properties vary depending on the inner ligand. For CI7, the average lifetime
decreased for all clustomesogens in comparison to the pristine cluster. Their emission intensities
diminish with rising temperature. The brominated cluster hybrids showed longer lifetimes and
more stable emission intensities upon heating. In general, an increase in temperature lead to a
slight blue shift of the emission maximum for all clustomesogens. Electrical conductivity could
be increased at higher temperatures for all hybrids mostly depending on the chosen alignment
method. Complexation of the molybdenum clusters led to improved electrical conduction in the
liquid crystalline phase and therefore to an enhanced electromc transport within the CE.
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Figure 1: a) Schematic representation of the hybrids, textures of 15C5 ¢ Nax[MosClsCls] at b)
162 °C with white light and ¢) 180 °C with UV irradiation and photographs under polarized
optical light for 18C6 * Na2[MosClsCls] d) before and e) after electrical alignment.
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Energy conversion for lighting and optoelectronics are current challenges. In order to find
alternatives for rare earth oxides which are used for these applications, new luminescent hybrid
materials have been developed by combining inorganic metal nanocluster An[MeQ'sX%]
(A = alkali, Q = chalcogen/halogen, X = halogen, M = Mo, Re) with organic ionic liquid
crystals (ILCs). The inorganic moiety provides useful functionalities such as strong
luminescence in the red near-infrared (NIR) region and robustness, while the organic
counterpart (ILC) controls the long-range orientational order, the self-healing of defects and
allows the material to be processed in common organic solvents.['*) We report here the first
examples of red-NIR emissive ILC clustomesogenes made of phosphorescent octahedral
molybdenum cluster anions associated with wedge-shaped cationic amphiphilic guanidinium
minidendrons via ionic self-assembly (Figure 1).[*! Our results show that the mesomorphic
properties are strongly affected by the complexation of amphiphilic guanidinium chlorides with
metal clusters. Moreover, the length of the minidendron alkyl chain play a critical role regarding
the luminescence of the metal cluster core.
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Figure 1: Emissive clustomesogens obtained by electrostatic association of octahedral cluster
anions with amphiphilic minidendron cations. The Figure was taken and adapted from ref!*!
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Among the intriguing bicontinuous self-assembled structures, the gyroid cubic is the most
ubiquitous. It is found in block and star polymers, surfactants with or without solvent, in
thermotropic liquid crystals with end- or side-chains, and in biosystems providing structural
color and modelling cell mitosis. It contains two interpenetrating networks of opposite chirality
and is thus achiral if, as usual, the content of the two nets is the same (Figure 1a). However we
now find that strongly chiral compounds can also form the gyroid cubic structure, but a chiral
one instead. While achiral molecules follow the opposite twists of nets 1 and 2 in the gyroid
structure, molecules with a chiral center in their rod-like core do not follow the 70° twist
between junctions in net 2 and instead wind against it by -110° to still match the junction
orientation. The metastable chiral gyroid is a high-entropy high-heat-capacity mesophase. The
homochirality of its nets makes its CD signal close to that of the stable 123 phase with 3 isochiral
nets. The relationship of this supertwisted chiral gyroid mesophase to other bicontinuous
mesophases, in both chiral and achiral compounds, will be discussed too.

Figure 1: Models of a gyroid unit cell using spine-and-ribs ribbons, each rib representing a
raft with molecules parallel to rib. (a) Achiral and (b) chiral gyroid. The “supertwisted” net in
(b) is shown in purple.
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It is well-known that some of rod-shaped phenyl benzoates containing a polar functional
group behave thermotropic liquid crystal materials. In our previous study, it has been reported
that some of 4-semi-fluoroalkyl-4’-alkoxybiphenyls exhibited a smectic A phase and
gelatinized several organic solvents. [1] In this study, phenyl benzoates containing fluoroalkyl
chains (Figure 1) were synthesized and evaluated mesomorphic and gelation properties.
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R =-0CgH7: Compound 1-H R =-0CgH;7: Compound 2-H
R =-SC,H,CgF43: Compound 1-F R =-SC,H4CgF43: Compound 2-F

Figure 1: Chemical structures of compounds 1 and 2.

Phase transition temperatures and critical gel concentrations of compounds 1-H, 1-F, 2-H,
and 2-F are shown in Table 1. Compound 1-F was non-mesogenic due to a high melting point,
however, the others exhibited a smectic A phase. In addition, these were able to gelatinize
propylene carbonate (PC) in adding less than 5wt% of the compound. As noteworthy points,
compounds 2-H and 2-F were able to gelatinize PC with less than 1wt% addition since PC may
interact with & electron by donor—acceptor interaction [2]. On the other hand, compound 1-H
were not able to gelatinize n-octane whereas the others were able to gelatinize. Self-assembly
phenomena for gelation with compound 1-H may not be interacted between terminal alkyl
chains, resulting in solvation with n-octane.

Table 1: Phase transition temperatures in bulk state and critical gel concentrations.
Compounds Phase transition temperatures / °C®  Critical gel concentration (wt%) ®

1-H Cryst 79 SmA 95 Iso n-Octane (Sol), PC (3.0)
1-F Cryst 134 Iso n-Octane (4.0), PC (4.0)
2-H Cryst 86 SmC 122 SmA 131 Iso® n-Octane (4.0), PC (0.3)
2-F Cryst 124 (SmA 113) Iso n-Octane (2.0), PC (0.9)

a) Cryst, SmC, SmA, and Iso indicate crystal, smectic C, smectic A, and isotropic liquid phases,
respectively. Parentheses indicate a monotropic transition. b) PC indicates propylene carbonate.
Sol indicates sol state (i.e., it cannot be gelatinized, however, can be dissolved) with Swt%
addition. ¢) Cited from reference [3].
In this presentation, thermodynamic behaviors of gelation compared with phase transition
in bulk state and rheological properties of organogels will be also reported.
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Some organocyclotriphosphazenes with mesogenic side groups have been synthesized and the
mesomorphic property are also investigated [1], however, the relationship between
mesomorphic property and molecular arrangement are not clear. On the other hand, we have
been reported that some liquid crystal materials having fluoroalkylated mesogenic cores
exhibit smectic phases and form organic gels [2].

This paper describes synthesis and physico-chemical properties of cyclotriphosphazene
derivatives having 4-perfluoroalkylethylthiophenyl group (compounds 1-n and 2-n).

ArQ OAr Compounds 1-n; Ar= OSCZH@“FZM
(n=4,6)

/P\
N™ >N

ArO—/Ié’I\ /,Ié’\—OAr
ao N Ooar Compounds 2-n; Ar= SC2H4CnF2n+1
(n=4,6)

Figure 1: Molecular structures of compounds 1-n and 2-n.

Compound 1-n and 2-n were prepared by the nucleophilic substitution reaction of
hexachlorocyclotriphosphazene. Their mesomorphic properties, which are summarized in
Table 1, were examined by DSC measurement and polarity microscope observation. These
compounds exhibited a smectic A (SmA) phase with a focal conic fan texture. The thermal
properties of the SmA phase are examined using binary phase diagrams of the mixture of the
compound 1-6 and liquid crystal materials with a perfluoroalkyl group. These results will be
discussed in terms of the relationship of molecular structures and the physico-chemical
properties. In addition, compound 1-6 was able to form organic gels in fluorous solvents such
as a perfluorotributylamine, so these gelation properties will also be reported.

Table 1: Phase transition temperatures and latent heats for compounds 1-n and 2-n.

Compounds Phase transition temperatures (°C) Latent heats (kJ mol™")
C SmC SmA | mp SmC-SmA SmA-I
1-4 . 69 - - . 62.6
1-6 . 77 - . 91 - 37.0 6.5
2-4 . 90 . 118 . 216 - 16.8 2.6 8.7
2-6 + >250 — — . decomp.

C, SmC, SmA and I indicate crystal, smectic C, smectic A and isotropic liquid phases, respectively.
Acknowledgements: This work financially supported by JSPS KAKENHI [22H03781], JST
SPRING [JPMIJSP2111], and Paloma environmental technology development foundation.
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Currently, there is a constant search for new materials, and molecular materials have been the
focus of research for years. Of interest are photoactive materials, which include groups such as
cyanobiphenyl and azobenzene; and liquid crystals, which present an intermediate state
between solid and liquid, and are favored by the incorporation of heterocycles such as 1,3,4-
thiadiazole to the molecules'=.

In this work, four new final compounds derived from 1,3,4-thiadiazole were synthesized and
organized in two series incorporating cyanobiphenyl and azobenzene photoactive units, with
series D1 having as connection to the rigid center an ester group and series D2 an ether group.
These compounds were characterized by infrared spectroscopy and NMR 'H and '3C, and their
thermal and mesomorphic properties were determined by polarized light optical microscopy
and thermogravimetric analysis. Finally, their optoelectronic properties were studied by
photoisomerization study for azo groups and fluorescence for cyanobiphenyl groups.

The compounds of both series exhibited enantiotropic thermotropic-type liquid crystal
properties with wide mesomorphic ranges and the characteristic photoactivity of each group.
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Figure 1: Compound synthesized and photophysical study.
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Polycatenar liquid crystals are unique due to their distinctive polybranched structure which
allows generating an array of liquid crystalline phases, providing a significant level of
adaptability. [ 1] These polycatenar liquid crystals can be tailored to respond to different stimuli
such as light, temperature, and electric or magnetic fields. This characteristic makes them
appealing for incorporation into smart materials and devices.[2] In this work, polycatenar
mesogens containing 1,3,4-thiadiazole heterocyclic units were synthesized and characterized.
The compounds shown photoluminescent, organogelator m, and columnar liquid crystal
properties. The characterization of the precursors and final compounds was carried out using
FT-IR, 'H and 3C NMR. The mesomorphic and thermal properties were studied by Polarized
Light Optical Microscopy (POM), Differential Scanning Calorimetry (DSC) and
Thermogravimetric Analysis (TGA). The photoluminescent properties were studied by UV/Vis
and fluorescence spectroscopy. Organogelators properties were examined in different solvents,
exhibiting notable solvatophotochromism that has potential use as a sensor.

a: R =0C,H,,; Ry=H: 4
b: R =R, = OC;oHz P Taus -, %8 'Solvatophotochromism ingel

Figure 1: Molecular structure, textures, absorption and emission and organogelator behavior
in different solvents
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Merocyanines are an important class of donor-acceptor dyes, which are used for chemosensors,
biomolecule targeting, photovoltaics, photoswitches and many other applications [1]. Although
several liquid crystalline (LC) merocyanines are known, it remains a challenge to combine good
absorption and emission properties with the formation of stable mesophases. In order to tackle
this challenge, we combined molecular features of merocyanines with good dye, but poor LC
properties [2] with merocyanines showing poor dye, but good LC self-assembly [3]. The role
of side chain fluorination in order to obtain merocyanines with the desired properties will be
discussed [4].
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Figure 1: Design of merocyanines, which combine good dye characteristics with stable LC
mesophases
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An account of the historical aspects and the state-of-the-art of chiral liquid crystal (LC) dimers
derived from naturally occurring, pro-mesogenic cholesterol (cholest-5-en-33-ol) will be
presented. We will discuss the influence of cholesterol on the thermotropic LC behavior of
nonsymmetric dimers where it is covalently tethered to the different conventional calamitic
cores through the flexible spacer of varying length and parity. Apart from imparting the
chirality, it facilitates such dimers to not only exhibit rich mesomorphism, unusual sequences,
fluid incommensurate structures, highly frustrated phases, reentrant phenomenon, and
technically significant mesophases but also it helps in widening the thermal width of
mesophases. Besides, it typically freezes the mesophase into a glassy state. The unprecedented
platform cholesterol provides in realizing such exceptional phase transitional characteristics
stems from its unique steroid skeleton, rigidity, bulkiness, and conformation/length of the
terminal hydrocarbon tail attached. The talk also covers a perspective on the future scope,

opportunities, and challenges in these truly advanced functional soft materials.
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Discotic Liquid Crystals (DLCs) remain a focal point of interest owing to their notable self-
organization capabilities, versatile applicability, and well-established one-dimensional
conduction. However, there is still a significant unexplored territory. In our pursuit of novel
cores for this material class, our group successfully synthesized the first DLC derived from the
Tris(N-phenyltriazole) core (TPT), which only presented an unstable monotropic Coln phase
[1], but was later stabilized through structural changes carried out by Dhingra et al [2]. To
further assess the efficacy of this core, we investigated its synergistic combination with the
1,3,4-oxadiazole heterocycle—an extensively used heterocycle in the development of liquid
crystals and luminescent materials (Fig. 1a). The material displayed impressive Coln
mesomorphism extending from room temperature to 339 °C, as confirmed by POM (Fig 1b),
DSC and XRD. In solution, it presented fluorescence quantum yields close to 100%, which
dropped to values between 43 and 38% when in the form of thin films, depending on the
deposition technique used (Fig 1c). Although the films deposited by spin-coating and blade-
coating showed different morphologies by AFM, in the diode-type devices the electrical
responses were similar, presenting three conduction regimes, ohmic, SCLC-trap limited and the
trap-filling regime. In a simple OLED structure, the spin-coated film of the LC exhibited
electroluminescence with an emission maximum at 500 nm. The results show that the
combination between TPT and oxadiazole is very promising, both from a mesomorphic point
of view, as well as from a photophysical and application point of view.
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Figure 1: (a) Structure of the compound investigated in this study; (b) Representative texture
of the Coln phase; (c) Thin films emission spectra and picture.
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Discotic lonic Liquid crystals (DILCs) are known for their high conductive properties along the
columnar axis!'). However, unlike non-ionic DLCs electric-field-induced orientation of the
columns of DILCs, necessary for application in e.g. photonic devices, is not possible!?. An
alternative pathway to achieve highly ordered columnar mesophases for DILCs is confinement
in a rigid scaffold, which provides structure. In a previous study we observed the alignment of
non-ionic DLCs upon confinement in the pores of membranes!®!. Therefore, in this project we
investigated the influence of cylindrical confinement for DILCs. For this purpose, DOPA-based
Ionic Liquid Crystals were prepared: Three alkyl groups of varying length were attached to the
aromatic core motif, which was functionalized with a cationic cyclic or acyclic guanidinium
headgroup. These ILCs were imbibed into the cylindrical pores (¢ =180 nm) of anodic
aluminum oxide membranes. The resulting metamaterial showed a rich phase behavior, which
deviates from the bulk mesomorphic properties of the liquid crystalline component, including
transitions between axial and radial alignment depending on the hydrophobicity of both the

membrane and the ILC.
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Ionic liquids (Ils) and ionic liquid crystals (ILCs) are promising compounds in the field of
material science. Due to their tailor-made properties they can be used as solvents[1-3],
catalysts[4] as well as for electrochemical conductivity[5]. Our work deals with imidazolium
based benzoate carboxylates as potential ionic liquid crystals. The liquid crystalline behavior
of the respective target molecules was investigated using polarized optical microscopy (POM),
differential scanning calorimetry (DSC) and X-ray diffraction (XRD). Our main question
focuses on the dependence of the liquid crystalline properties on the chain length and the
occurrence of an odd-even effect.
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Figure 1: On the left the a DSC thermogramm; on the right maltese crosses are shown.
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The mesophasic behavior in ionic liquid crystals (ILCs) is governed by a delicate balance
between hydrogen bonding, electrostatic interactions, and dispersion forces. We apply solid-
state and diffusion NMR techniques [1] combined with DFT computational analysis to
understand the roles and relative contributions of these interactions in ionic mesophase
stabilization.

Our experimental data in different classes of ILCs revealed the trends in the
orientational order and phase stability in ionic liquid crystals depending on cation structure
and anion properties and shed light on the mechanism of layered structure stabilization from
the perspective of molecular-level dynamics [2-7]. In single-chain monocationic ILCs, the
order parameter S has been found to correlate with physicochemical properties of anions and
increase with a mesophase stability range [2]. On the other hand, an expanded hydrogen
bonding network in hydrated ILCs results in higher phase stability with an accompanying
decrease in the orientational order [3]. Thus the role of anisotropic alignment of cations and
the contribution of dispersion forces in the mesophase stability decreased upon hydration.
Anisotropy of translational diffusion increased in the hydrated samples, supporting the layer-
stabilizing effect of hydration [4]. In double-chain ILCs, the enhanced contribution of van der
Waals interactions led to a greatly increased order parameter [5]. On the other hand in
dicationic ILCs, we found that the side-chain ordering and the alignment of imidazolium rings
are similar to those in analogous single-chain monocationic analogues [6]. To explain this
finding, we hypothesized that the presence of a dynamic spacer effectively “decouples” the
motion of two imidazolium moieties. NMR data obtained in bulk ILCs in isotropic, liquid-
crystalline, and solid states has shown that the dynamic state of ions ranging from high
reorientational and translational freedom to partial orientation and positional order to full
immobilization, respectively, has no dramatic effect on cation—anion hydrogen bond strength
[7]. On the other hand, nanoconfinement of ILCs led to local disruption of hydrogen bonding
due to competing interactions of anions with solid interfaces.
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Ionic liquid crystals (ILCs) are intensely investigated as future electrolytes,!!! which can be
subsequently immobilised by polymerisation.[?! However, conductivities which are interesting
for applications > 102 Scm™ are rarely achieved. This prompted us to test robust, non-
nucleophilic cyanoborates immobilised on an mesogenic residue as anionic part of the ILC,
combined with either lipophilic sodium or potassium crown ether cation complexes or the
lipophilic tetrabutylammonium ion (Figure).’! The structure of the bilayer SmA phases are
uncovered in detail by X-ray scattering and solid-state NMR techniques. This study shows the
rather low density in the ionic subphase of the layered LC promoting the rather high
conductivity values found by electrical impedance studies of this single-ion conductor. Values
of the correctly aligned phases approach 10* Scm™ in the SmA phase at 85 °C and 10 Scm™!
at 40 °C, which are among the highest found for crown ether materials. These findings are
attributed to the low densities of the ionic nanophases and the low nucleophilicity of the borate
anions.

Ci2H250 ® oY b
C12H250 [ Na+ j [ K+ j nBu4N@
(0] ) O 0]
C12H250 K/OQ K/O\)
1a 1b 2
Figure. Structure of the new cyanoborate ILCs 1 and 2.
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Ionic Liquid Crystals (ILCs) can be considered materials that combine the properties of liquid
crystals and ionic liquids, where the explicit charges favour changes in the self-assembly
capacity and type of molecular organization of the material due to nanosegregation through
strong coulombic interactions.[1,2] Considering the importance of this class of materials and
its vast and differentiated applications possibilities, five new non-symmetric ionic dimeric
Liquid Crystals with different alkyl spacer were synthesized and investigated (Fig. 1a). The
non-symmetric structure was planned also intending to investigate how the material prefers to
self-organize when there is competition in the interaction between the different parts of the non-
symmetric molecule (ionic and non-ionic), increasing understanding of this class of materials.
All five molecules presented liquid crystalline behaviour with enantiotropic SmA (Fig. 1b)
phase at temperatures above 100 °C and normally showing a large range of mesomorphism.
Preliminary XRD data indicates that, for these materials, the molecular organization in the SmA
phase leans towards a randomized distribution of the aromatic and ionic cores, contrary to the
expected prevalence of coulombic interactions. Due to the presence of the 1,3,4-oxadiazole
heterocycle, the materials showed luminescence, with a difference in behaviour between the
ionic and non-ionic arms,[1] favouring Forster's Resonant Energy Transfer (FRET)
phenomenon between the non-ionic (donor) and the ionic one (acceptor) (Fig. la). The
materials also presented the formation of luminescent gels (Fig. 1c¢), which further expand its
relevance and applicability, being able to form conductive gels and fibers, resulting in
application in LECs (light-emitting electrochemical cell), for example.
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Figure 1: (a) Structure of the non-symmetric ionic dimmers synthesized, with the

representation of the FRET process; (b) Typical SmA texture observed for all compounds; (¢)
Gelation process observed for some compounds.
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Bicontinuous cubic (Cubsi) phase is a kind of nano-segregated liquid-crystalline (LC) phases in
which both of two incompatible molecular parts form 3D continuous domains.!!! It has been
found that Cubwbi phases appear between lamellar and columnar phases both in the case of
lyotropic liquid crystals and thermotropic ones. The volume balance between the two
incompatible parts is one of the critical parameters for designing liquid crystals forming Cubpi
LC assemblies. To date, we have focused on ionic liquid crystals having zwitterionic
headgroups.*3! For example, we designed and synthesized pyridinium-based amphiphiles
having zwitterionic headgroups. Although it forms only layered smectic phases in the pristine
states, it co-organized into Cubwi LC phases in the presence of bis(trifluoromethane)sulfonimide
(HT£:N) Bl It can be explained by the formation of ion pairs between the pyridinium zwitterion
part and HTf2N through an ion exchange and the increase of the volume of the ionic parts. The
obtained LC material shows high ionic conductivity. Based on the molecular design of the
amphiphilic zwitterions, we have recently succeeded in the development of a gemini-type
amphiphilic zwitterion monomer forming Cubyi phases.[* UV irradiation for the monomer in
Cubui phases leads to the formation of self-standing and insoluble polymer films with preserving
the gyroid nanostructures. The polymer film shows quite high ionic conductivity in the order of
102 S cm™! in the H20O-absorbed condition.

Smectic
Amphiphilic
Zwitterion

Bicontinuous Cubic
Phase

M

Columnar

Figure 1: Our design strategy for functional bicontinuous cubic liquid crystals.
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Characterising the elastic constants of lyotropic liquid crystals is notoriously difficult due to the
impracticality of applying electric fields, causing movement of charged entities in the solvent.
During this project, we set out to determine the range of viscoelastic ratios (K/n) using
Differential Dynamic Microscopy (DDM) [1] for lyotropic nematic liquid crystals, for the first
time. Thus, we demonstrate that a standard microscope can be used to measure the viscoelastic
properties of lyotropic liquid crystals. This approach is an effective alternative to light scattering
and avoids any requirement to apply an electric field. DDM allows for the extraction of
scattering information directly from high-speed microscope images. Dynamic analysis of
images from different polariser geometries is performed, providing the splay, twist and bend
viscoelastic ratios. This method offers a practical solution using a standard microscope with
polariser and analyser sets. We demonstrate results with the lyotropic chromic liquid crystal,
sunset yellow (SSY), and a standard reference SCB.
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Figure 1: Relaxation rates, I and I, for 28wt% SSY in water, with the gradient of each slope
giving the splay and twist viscoelastic ratios respectfully.
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Graphene and graphene oxide (GO) are two-dimensional materials with metallic and
semiconducting properties, respectively. Graphene is a one-atom-thick layer of graphite, and its
flakes have extremely large aspect ratios. Water-dispersible GO has still very large aspect ratio
flakes, and its dispersions can form a nematic liquid crystal at relatively low concentrations.
The size distribution, shape and chemical composition of GO flakes vary depending on the
preparation conditions, such as the nature of the precursors and the chemical reactions during
the synthesis. Colloidal dispersions of graphene can be obtained by chemical reduction of GO
dispersions, but the reduced-graphene oxide flakes often have many defects that influence the
mechanical and conductive properties of the flakes. An alternative route is the mechanical
exfoliation of graphite and, as for GO, the colloidal dispersion properties depend on the
specificities of the preparation method. The liquid crystal phase formation is affected by various
factors such as concentration, shape, functional groups, and aspect ratio. The lateral size of the
GO flakes affects also macroscopic optical properties [1]. In addition to the phase formation
and related birefringence, affected by the aspect ratio, and chemical composition of GO flakes,
the macroscopic optical properties are determined by the macroscopic alignment, obtained by
e. g. shearing. Interestingly, optical features at bulk scale were reported to be originated by
positional order [2, 3], thus the macroscopic ordering is relevant for the study of different types
of graphene liquid crystals. We have realized dispersions of single/ multi-layers graphene in
solvents, and we will report the behaviour under shear stress conditions, comparing with various
GO liquid crystals. The flow-induced organization will be presented correlating it to the lateral
dimension and aspect ratio of the flakes. The characterization of the graphene liquid crystals is
carried out with various optical methods and the aspect ratio and shape determination is
achieved by scanning and atomic force microscopy. Ability to tune the macroscopic optical
properties by applying a shear stress opens a path to the development of feasible, energy
efficient applications of graphene liquid crystals with highly sensitive response to external
stimulation in areas such as advanced electronics, chemical, bio, and physical sensing.
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Structural colors have attracted attention for sustainable optical materials. These colors
are originated from selective light reflection and diffraction of periodic several hundred nm
structures. Self-assembly of liquid crystals to form periodic structures is effective process for
developing structural color materials'!). Molecular-based cholesteric liquid crystals with helical
pitch are typical examples of structural materials. Some liquid-crystalline colloidal
nanoparticles dispersed in solvents also exhibit structural colors such as cellulose
nanocrystals!?], inorganic nanorods!® and inorganic nanosheets*. We have synthesized various
inorganic/polymer hybrid colloidal liquid crystals as functional materials™®!. Here, we report
new photonic colloidal liquid crystals composed of mineral/polymer hybrid rods and water. The
colloidal liquid crystals exhibited high reflectance and strong angular dependency. The
coloration was tuned by control of particle concentration and particle size. In addition, the
colloidal liquid crystals were immobilized in organic polymer network, which exhibited
mechanochromic properties with angular dependency.
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Abstract

A high-performance ultraviolet (UV) photodetector was successfully fabricated by employing
polymer-dispersed cholesteric liquid crystal (PDCLC) as a sensitization agent on a zinc oxide
nanorod (ZNR) heterostructure. The ZNR film was synthesized via hydrothermal technique and
subsequently coated with PDCLC. The incorporation of PDCLC significantly enhanced both
the electrical and optical performance of the heterojunction UV photodetector. Compared to
devices based solely on ZNR film or zinc oxide seed layer, the PDCLC-decorated ZNR film-
based UV photodetector exhibited a superior photocurrent density of 171 pA/cm? at 10 V under
5 mW/cm? of UV light (365 nm). The sensitization by PDCLC facilitates the activation of
charge carriers in zinc oxide, promoting the alignment of energy bands through a spontaneous
and time-correlated transient response. The device demonstrated an outstanding responsivity of
170.51 mA/W at 10 V, along with a remarkably high external quantum efficiency of 57.44% at
the same voltage. In contrast, devices based on ZNR film or zinc oxide seed layer exhibited
significantly lower responsivity (72.07 mA/W and 7.26 mA/W, respectively) and external
quantum efficiency (23.09% and 2.4%, respectively). These results underscore the potential of
PDCLC/ZNR heterostructures in the development of efficient UV photodetectors.

Key words: UV Photodetector, ZnO NRs, Polymer dispersed Cholesteric liquid crystal,
Photocurrent
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Aqueous suspensions of H3zSb3P2014 mineral nanosheets are one of the rare examples of
colloids based on 2D materials exhibiting a lamellar liquid crystalline (LC) phase [1,2]. Because
the lamellar period can reach several hundred nanometers, the suspensions show vivid structural
colors and because these colors are sensitive to various chemicals, the suspensions can be used
as sensors [3]. Such applications require the well-ordered deposition of the nanosheets from
suspension to prepare solid-state devices. We report here the crystalline restacking of the
layered H3(1-xyM3xSb3P2014, (Where M = Li, Na, K, Rb, Cs and 0 < x < 1) dielectric materials
from their nanosheets dispersed in colloidal LC suspension, induced by a simple pH change
using alkaline (MOH) bases [4]. Using polarized-light microscopy and X-ray scattering, we
show that thanks to the lamellar LC order of the colloidal suspension, the restacking is highly
accurate and avoids the turbostratic disorder of the nanosheets classically observed with other
2D materials. Strikingly, the restacking process exhibits features highly reminiscent of a first-
order phase transition, with a phase coexistence region where both ~ 1 nm and ~ 120 nm
lamellar periods are observed simultaneously, which we have described theoretically. This
crystalline restacking of nanosheets from their lamellar LC suspensions opens the way to the
production of complex integrated electronic, spintronic or photonic structures.

Figure 1: Crystalline restacking (right) of the 2D phosphatoantimonic H3(1-xyM3xSb3P2014
materials from their nanosheets dispersed as a colloidal lamellar LC suspension (left), induced
by a simple pH change using alkaline bases.
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Lyotropic liquid crystalline dispersion based on exfoliated layered clay minerals has been
discovered for a century, while the research is hindered by its insensitive field-induced
alignment and resultant poor optical response. Here, we report a two-dimensional vermiculite
liquid crystalline dispersion (2D VMT LC for short). 2D VMT LC shows both a giant electro-
optical Kerr effect and magneto-optical Cotton-Mouton effect, where the Kerr coefficient and
Cotton-Mouton coefficient, i.e., the sensitivity descriptors, respectively reaches 10* m V-2 and
10° m™! T2, achieving the record-high level in all the Kerr and Cotton-Mouton media. These
giant effects are ascribed to the extremely large geometrical anisotropy of 2D VMT with an
aspect ratio of >10* and the inherent electric dipole and magnetic susceptibility anisotropy.
Notably, the inherent electric dipole is reported for the first time and leads to the discovery of
2D ferroelectricity in VMT. These finding inspires the research on developing new LC materials
and studying their electro-optical and magneto-optical properties.

1200

X Static Shaking Gases 30 - 2D VMT— @
Liquids _ 20f 2D-FE-LCs
<~ 1000 Biological materials N> 0 [ 104 m V2
[ Minerals L
™ Organic LCs mo L 0-BP-LCs O-FEACs ,
£ - O-LCs A 4
O 800 X 1gs5 | Liquids = A
X Gases vh
1E-10 1D-LCs 2D-LCs
10r <10 sy
<10 1E-15
olu ’ . X . . .
Flow-induced birefringence Transparent medium Kerr media

Figure 1: 2D VMT LC and its giant field-induced response.
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Nanomaterials have many unique improved properties: surface area (Sext), catalytic
performance and electrical conductivity (o). By using soft template approaches we can
synthesize a wide range of nanomaterials with different morphologies in mild conditions.

We first established the synthetic capabilities of hyperswollen lamellar phases as soft
templates [1]. This allows us to develop the two-dimensional reactor in amphiphilic phases
(TRAP) method, with a low-cost surfactant and scalable potential [2, 3]. The specific mixtures
of these amphiphilic molecules and solvents form soft sheet-like templates (lyotropic liquid
crystals), in which we were able to synthesize nanosheets of various materials [4-6].

In some specific ternary mixtures, surfactants can be dispersed into a specific orientation,
creating variable-dimensional reactor (VDR) in-between the different ordering limits of liquid
crystals and isotropic liquids. In addition, we can choose whether the solvent inside and outside
the surfactant templates will be water or an organic solvent. Hence the VDR can be hydrophilic
or hydrophobic, respectively.

This characteristic polymorphism allowed us to establish a multi-dimensional synthetic
process to tune different parameters such as hydrophilicity, mixture concentration [7] and
synthesis conditions that allow us to obtain a wide range of nanomaterials with different
morphologies. Up to date we have been able to synthesize a wide range of aluminosilicates
compounds, metal oxides and polymers, which can also be further utilized as supports or
precursors for new materials.
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Figure 1: Schematic illustration of VDR method.
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Organic semiconductor and OTFT based sensor is a flexible and sensitive sensors applicable
for glucose, VOCs, gas, and bio/medical detection. The OTFT sensor does have the down side
that its function gradually declines when exposed to the atmosphere, water, or chemical
components, but a chemical sensor can be created using these characteristics. The porphyrin
molecules have stable structure regarding light, acids, base, and electrical condition, and
complex formation with various metal ions are possible as an organic semiconductor material
with 18 © conjugated electrons. The synthesis was conducted such as these, alkyl chain was
used to give liquid crystallinity to the sides, m electron expanders were placed for the
characteristics of high mobility at the middle. In this work, we report to research of the
metalloporphyrin regarding each liquid crystallinity behavior, optical and electrical properties
in accordance with the various changes to the central metals.

Figure. Metalloporphyrin structure and their POM images
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Liquid crystals (LC) are materials which present intermediate phases between the crystalline
solid and the isotropic liquid and are promising organic semiconductors for presenting self-
organization and the possibility of molecular alignment on electrodes, providing greater
mobility of charge carriers'? and the self-healing of structural defects in the mesophase reduces
the charge-traps. In this work, we present the characterization of a thermotropic discotic LC
(designated BPD-11) derived from benzoperylene diimide with a hexagonal columnar
mesophase at room temperature and investigate its properties in thin films produced by spin
coating and blade coating techniques using toluene as solvent. The mesomorphic
characterization of the material was performed by polarizing optical microscopy (POM),
differential scanning calorimetry (DSC), thermal gravimetric analysis (TGA) and x-ray
diffraction (XRD). The morphological, optical, and electrical properties of the films were
performed and compared for both film deposition techniques. The results indicated that these
films are very attractive for optoelectronic devices applications such as in OLEDs and solar
cells.
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The booming LC research and development highlights the importance of materials like polymer
and dyes for enhancing LC characteristics. Onsal et al. conducted an in-depth study on the
effects of incorporating different dye concentrations into polymer-dispersed LC [1]. While
existing literature predominantly focuses on the interactive effects among polymer, dyes, and
LCs, this study specifically explores the dielectric behavior of dye-doped polymer in a capacitor
cell [2], utilizing an empirical modification of the Debye relaxation. The slow cis—trans
isomerization process of the dye is observed at low frequencies. The results at a fixed frequency
of 20 Hz reveal minimal permittivity variation of the photopolymerized NOA65 doped with
2.0-wt.% a bis-azobenzene dye (ChAD-3C) as shown in Fig. 1(a). Complex dielectric spectra
of the doped polymer are analyzed using a two-relaxation Havriliak—Negami model, accounting
for the asymmetry and broadness of the dielectric dispersion curve (Figs. 1(b) and (c)).
Preliminary findings suggest that the composite’s dielectric relaxation undergoes a blueshift as
temperature 7 rises, causing overlap with the pesudo-dielectric signal. Figure 1(c) shows the
observed pseudo-dielectric relaxation at ~200 kHz is a result of the superposition of two signals.
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Figure 1: (a) Time-evolved minute &’ variation at 40 °C and (b) f~dependent &’ function and the
fitting curves using the two-relaxation H-N model at 7= 20 °C and (c) 7= 60 °C. The ChAD-
3C-doped NOAG65 prepolymer was exposed to 13.4-mW-cm~ ultraviolet light (at 365 nm) for
3 min to form polymer.
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Polar molecular assemblies of chiral =- F

conjugated liquid crystals are essential for s. I\ s O_R,
. . : CeHqs3 T

functional expression of a bulk photovoltaic \ /ST T\ J R,

effect (BPVE).'!' The BPVE is a
characteristic phenomenon which is different
from conventional photovoltaic effect based
on the p-n heterojunctions because the output

[0} F
voltage is independent from the bandgaps of i Q.O O O)’ CeHas
H,C
F

TT1: R-| = CH3 f R2 = CGH13
TT-2: R1 = C2H5 B R2 = CsH11

semiconductors and the work functions of
electrode materials. However, the output

characteristics of BPVE in the polar liquid
crystalline materials achieved thus far have (RR}FLA 2 Ary = - o)_c H
been unsatisfactory. Therefore, we are CH; o

currently addressing the improvement of the
open-circuit voltage, short-circuit current and
energy conversion efficiencies of the BPVE. g
In this study, we synthesized several chiral mt- (R)-TFL-2: Arq = ?‘SU CaHir
conjugated compounds (Figure 1).2] Their
liquid crystallinity was evaluated by
polarizing optical microscopy, differential
scanning calorimetry and X-ray diffraction measurements. Furthermore, electrical
functionalities were also investigated by using the AC and DC electrical measurement units.
All these compounds of TT-1, TT-2, (R,R)-FL-1, (R)-TFL-1 and (R)-TFL-2 displayed
polar smectic phases. The dielectric polarization hysteresis behaviors were observed by
Sawyer-Tower method for the five compounds in their chiral smectic C phases. The carrier
mobilities of each compound in the liquid crystalline phases were estimated to be on the order

of 107°=1073 cm? V™! s7! by the time-of-flight method. The specifics including the
characteristics of BPVE will be discussed on the day.

(R)-TFL-1: Ar; = ?‘@/Ce"hs

Figure 1: Chemical structures of chiral
liquid crystalline m-conjugated compounds.
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Liquid crystals (LCs) are an important class of soft nanostructured materials in which the
molecular shape determines the molecular organization and hence their final properties.!!! C3-
symmetric star-shaped mesogens are versatile building blocks that can assemble into different
types of mesophases.””) Their tunable molecular design affords high control of the phase
architecture since the nature of the core, the arms and the spacer between both parts can modify
the intermolecular interactions that dictates the self-assembly process.

In this work we present two families of star-shaped
tricarboxamides with C3-symmetry that have flexible
amide spacers linking a tris(triazolyl)triazine core to
trialkoxyphenyl or triphenylamine (TPA)
promesogenic units.!*! The presence of amide groups
allows the formation of intermolecular hydrogen
bonds that reinforce m-stacking and van der Waals
interactions, promoting LC behavior across a wide
temperature range. For = 3,4,5-trialkoxyphenyl
derivatives, the flexibility of the spacer promotes the
formation of Coln mesophases at room temperature,
and cubic micellar mesophases (BCC) at high temperatures mediated by the fragmentation of
columns with a supramolecular orientational memory effect. In the case of TPA derivatives, a
reduced number of peripheral alkoxy chains leads to the formation of columnar mesophases
throughout the full mesomorphic temperature range. Furthermore, the introduction of
functional TPA units endows semiconducting properties to the material, resulting in high hole
mobility values (102-10° cm? V! s71). In addition, the presence of a stereogenic center in the
flexible amide spacer leads to macroscopic chirality.
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The development of self-assembled molecular systems is essential to the advances in the soft
materials” field.! Benzimidazole derivatives are extensively employed in many areas, including
mesogenic materials.? In this work, we report experimental and computational results obtained
for mesogenic behavior of amphoteric H-donor/accepting benzimidazole derivatives. The
compound 2-(4-dodecyloxy-phenyl)1H-benzimidazole (la) presents a stable enantiotropic
phase from 85 to 177 °C on cooling. POM analysis showed dendritc growth aggreagtes on
cooling from isotropic liquid, which is consistent to SmB mesophase, and at lower temperature,
an unidentified SmX texture is also observed (Fig. la and Fig. 1b). DSC analysis are in
agreement to the POM findings. On cooling, phase transition was observed at 177 °C and 154
°C, for entering SmB and SmX phases, respectively. The existence of crystal phase was
observed at 85 °C, and a further crystal to crystal transition is visualized at 64 °C. Computational
study for tetramer-based supramolecular assembly of compound la have suggest that
combination of hydrogen-bonding and hydrophobic interactions lead to a non-planar lamellar
(“roof’-type architecture) organization (Fig. 1lc), which is coherent to the smectic
polymorphism observed for this compound. On the other hand, n-stacking interaction was not
observed in this molecular model. At this moment, the effect of shorter alkyl chains as well as
the effect of a second alkoxy group at the benzimidazole nucleus are been investigated aiming
to fully comprehend the effect of the supramolecular interactions on packing and liquid
crystalline behavior of these benzidazole-based soft materials.
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Figure 1: POM microphotographs of compound 1a on coolin.g‘: a) at 176 °C entering the SmB
phase, and: b) at 101 °C in the SmX phase; c¢) Side-view of the proposed computational
model for self-assembly of 1a obtained using the RM1 method and MOPACC2016 program.
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The implementation of functional materials through the exploitation of liquid crystal
organizations relies on the efficient transfer of intrinsic molecular properties to the macroscopic
supramolecular architecture. This transfer is strongly influenced by a precise molecular design,
which exerts a pivotal role in the organization of molecules. In this framework, the inclusion of
hydrogen-donor and/or hydrogen-acceptor molecular building blocks enables the utilization of
hydrogen bonding interactions. As dynamic and directional non-covalent interactions,
hydrogen bonds prove to be ideal for regulating interactions between molecules, thereby
facilitating the targeted addressing and fine-tuning of their organization.!!!

This presentation concentrates on our latest progress in the development of highly organized
functional columnar liquid crystals. These columnar architectures are realized through an
assembly process utilizing (self-)complementary molecules, with the collaborative contribution
of H-bonding and =-stacking. In our approach, we leverage hydrogen bonding to either
reinforce m-stacking!?! or construct innovative supramolecular mesogens from simple molecular
units.l*! The primary objective is the development of novel functional materials, with specific
focus on properties such as the control of supramolecular chirality and charge transport.
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Organic scintillators with low Z-number materials are typically used to detect fast neutrons in
mixed fields [1]. To distinguish neutrons and gamma-rays, a process called pulse shape
discrimination (PSD) is necessary, which utilizes the difference in decay time between neutrons
and gamma-rays in an organic scintillator [2]. The distribution of neutrons and gamma-rays
after going through pulse shape discrimination tends to follow a two-Gaussian shape. Among
several organic scintillators, liquid scintillators are widely used for PSD. Meanwhile, a silicon
photomultiplier (SiPM) is a promising photosensor that could replace a conventional
photomultiplier tube (PMT) in radiation detection. An SiPM has several advantages over a
PMT, including compactness, cost-effectiveness, insensitivity to magnetic fields and power
requirement. Our study attempts to investigate the pulse shape discrimination ability of liquid
scintillator and verify the results with the neutron energy spectrum obtained with the neutron
Time-of-Flight experiment. Furthermore, we would consider parameters that could contribute
to the operation of SiPMs and see whether it affects the neutron Time-of-Flight results as well.
In this study, EJ-309 will be used as the liquid scintillator, along with charge comparison

method [3].
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Figure 1: Example of neutron/gamma-ray PSD with EJ-309 liquid scintillator [4].
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The synthesis and characterization of two benzyloxy-terminated isoxazole liquid crystals
(ILCs) are described. The synthesis of the isoxazole ring was based on two steps: (3+2) 1,3-
dipolar cycloaddition to furnish the isoxazoline cycloadduct and the subsequent MnO:-
oxidation. The liquid crystal (LC) behavior was accomplished by polarized optical microscopy
(POM) and differential scanning calorimetry (DSC).! Flexible groups in ILCs allow molecular
reorientation, leading to changes in mesophase behavior, affecting the stability and range of
mesophases. Understanding the significance of these groups on the structure-property
relationship is essential for designing advanced liquid crystal materials for a wide range of
technological applications.

Alkyl chain Semiperfluoroalkyl chain
N-O -0 (CF,),CF
P O O,C10H21 ", ) O o/‘/\ 27203
o o

Cr 133 SmC 148 SmA 162 Ny, 169 1 Cr161 SmA 2791

Figure 1: Structures of the new 3,5-diarylisoxazoles with their transition temperatures (°C).

The presence of semiperfluorinated alkyl chains leads to organizational properties driven by
microphase separation and steric effects.”> These segments are not strongly miscible with
aromatic and aliphatic segments and tend to be microsegregated from both,* which favors the
appearance of structured materials in terms of layering and columns developments.
Perfluorinated segments, characterized by high molecular volume, large surface area, and
reduced flexibility compared to linear alkyl chains, influence molecular organization by
affecting interfacial energy.? In the hydrogenated ILCs, cybotactic clusters were observed in the
nematic phase (Ncyb), while the SmA and SmC mesophases showed monolayer and bilayer
arrangements. As anticipated, replacement of the alkyl chain with a semiperfluorinated chain
promoted the SmA mesophase and significantly impacted the mesophase range compared to
the alkyl chain-containing ILCs, as seen in Fig. 1.
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Exploring the dynamic optical landscape in materials science, fluorescent molecules with liquid
crystal properties offer a gateway to diverse possibilities. Specifically, five-membered
heterocycles like isoxazolines have been studied for their potential in design compounds with
liquid crystal characteristics [1]. Leveraging the appeal of incorporating natural products into
advanced materials, this work strategically aimed to synthesize isoxazolines with both liquid
crystalline and fluorescent properties. The synthesis methodology involved the insertion of the
fluorescent scaffold carbazole and utilization of natural products as key starting materials,
thereby combining the advantages of both innovative design and sustainable resourcing. A
series of 3,5-dissubstituted isoxazolines bearing a carbazole core at 5-position (Fig. 1A) were
obtained through the 1,3-dipolar cycloaddition between nitrile oxides and 9-vinyl-carbazole.
The nitrile oxides were generated in situ by the oxidation of oximes using sodium hypochlorite.
Aromatic aldehydes (benzaldehyde, 4-nitrobenzaldehyde, 4-chlorobenzaldehyde, 4-
bromobenzaldehyde, 2-methoxybenzaldehyde), trans-cinnamaldehyde (from natural sources),
and extended arylethynylbenzaldehyde previously synthetized [2] were reacted with
hydroxylamine for oxime synthesis. The cycloadducts were obtained with moderate to good
yields and were purified by recrystallization in ethanol or acetonitrile. Preliminary fluorescent
results from fresh solutions of 1g and 1h exhibited medium to high fluorescent properties when
excited by ultraviolet radiation at 365 nm. A detailed fluorescence study is in progress.
Furthermore, isoxazoline 1h displayed monotropic liquid crystalline behavior upon cooling
with a nematic mesophase, ranging from 170 °C to 158 °C, as depicted in Fig. 1B. The
isoxazoline series reported here is an opportunity to analyze the fluorescence properties based
on the size and the nature of aryl group installed at C-3 carbon atom of isoxazoline ring.

: g
j/‘\} ©j\)\ '
1h
1e R=4-NO,
? 4—C| 1f R=2-OMe CgHq70
R =4-Br

Figure 1: Isoxazolines with carbazole at C-5, highlighting the group at C 3 (A) and the
observed nematic mesophase under polarized optical microscopy at 156 °C for compound 1h.
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Large birefringence and easy responsiveness to external factors have for long substantiated the
almost ubiquitous presence of liquid crystals (LC) in various systems for light manipulation.
The mechanism of the LC director reorientation has been widely employed in a great many of
nonlinear optical effects despite rather long characteristic times and essential nonlocality. On
the other hand, light-induced changes of the LC order parameter cause a fast and purely local
nonlinear optical response fundamentally important as far as holography applications are
concerned.

The light-excited molecule sitting in an LC medium interacts first with its closest neighbors,
greatly affecting the orientational ordering of the latter. A phenomenological model of light-
induced order modification (LIOM) accounts for the changes in LC optical characteristics due
to light-stimulated modulation of the LC order parameter [1] and was employed to explain large
observed optical nonlinearities with extremely fast as for a LC system recording times [2]. Then

the modulations of the LC refractive index are determined as: 6n, , = —galAnyCyy (n, is the

1/2

ordinary (extraordinary) refractive index with g = — 3 (5), respectively, 4An, is the initial LC

birefringence, Cy, is the concentration of light-excited molecules and « is a measure of the LC
order parameter modification).

The light-induced changes of refractive indices of azo-dye-doped LC mixtures (the standard E7
and the dedicated highly birefringent, sexiphenyl’s derivative doped mixture 2091D -
possessing large birefringence up to 0.6 at 360 nm) were evaluated by measuring the diffraction
efficiency of dynamic grating recording by means of two-wave mixing technique. Furthermore,
the quantitative phase imaging by digital holography microscopy (DHM) [3] has been used as
a comparative characterization procedure revealing good agreement.

The LIOM-type mechanism does not depend on the cell thickness, works for the whole range
of light wavelengths and could be useful for fast control of optical signals of very high intensity,
for instance, in the IR and well beyond.
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In this communication, we report the initial results of synthesis and characterization of
molecular hybrid materials containing an anisotropic isoxazole segment and another bulky and
photosensitive-terminated segment derived from trans-stilbene.! The combination of molecular
segments responsible for mesomorphic and photosensitive properties is an interesting
alternative to produce molecular hybrid materials and their applicability in various commercial
devices. The anisotropic segment was synthesized from a [3+2] cycloaddition reaction,
producing the isoxazoline adduct, followed by oxidation to the corresponding isoxazole.? The
flexible spacer with ten carbon atoms carries a reactive-terminated leaving group® was inserted
to allow the installation of the photoresponsive segment derived from trans-stilbene.*

The synthesis of the trans-stilbene-isoxazole hybrid compound was accomplished through a
convergent synthesis between the advanced intermediates derived from isoxazole?® and the
resveratrol derivative®, yielding a yield of 65% yield. Hybrid material displayed SmA
mesophase with the sequence of transitions mesophase: Cr 107 °C SmA 1 128 °C. Solution in
DMC solvent exhibited medium fluorescent blue when excited by ultraviolet radiation at 365
nm. DSC, X-ray and UV-vis/Fluorescence studies of the tittle compound are in progress to
characterize the new molecular hybrid frans-stilbene/isoxazole as described in Fig. 1.

OCH;

OCH;4
O X g OCH;
o ;o
anisotropic segment photoresponsive segment
Figure 1: Hybrid trans-stilbene:isoxazole LC
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Alkyl chain engineering of liquid crystals (LCs) serves as an effective method for controlling
self-assembly.[1] Designing stimuli-responsive multichain (polycatenar) LCs represents a
promising strategy for developing functional materials. Herein, we present the design and
synthesis of new n-conjugated polycatenar LCs incorporating azobenzene and oxadiazole units
(Figure 1). The materials exhibit different types of LC phases ranging from three-dimensional
3D bicontinuous cubic (Cubsi) to two dimensional 2D columnar phases depending on the length
of the terminal chains. The Cubei phases represent two different types, either the double gyroid
type (Cubbi/Za3d)[2] or the triple-network phase with 123 space group (Cubyi//23).[3] Chiral
conglomerates were observed in the Cubbi//23 as well as in the liquid network phases exhibited
by some homologues. Longer homologues form a hexagonal columnar LC phase, which could
be aligned by cooling a molten sample under applied electric field. This alignment was
attributed to dielectric polarization induced by the oxadiazole ring. Moreover, aromatic core
fluorination was used as a successful tool to induce polarity in the columnar LC phases. Under
UV irradiation, we were able to modify the LC phase structure via the reversible trans-to-cis
photoisomerization of the azobenzene units. These findings could lead to potential applications
of the reported materials in information-storage devices.

N-N
F 0
/@/N\\N 0 O»\rommm
H2n+1 CnO = OCmH2m+‘I

Figure 1. Chemical structure of the materials under discussion.
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The photo-manipulation of optical properties provided by the azobenzene molecular motif has
shown great potential for future optical materials. Regardless if the driving mechanism of the
photoactive soft material is photoinduced phase transition, photoalignment, or closely related
photoactuation and photoinduced mechanical deformation, the azobenzene photoactive moiety
still attracts much attention. Unfortunately, most studies are limited to simple liquid-crystalline
azocompounds, commercial azo dyes or photoalignment agents, and thus there are no
systematic data regarding the correlations between successfully varying the molecular
characteristics of these materials and the photo-optical behavior of the resulting material. At the
same time, majority of reported azobenzene materials used for liquid crystalline systems show
poor kinetic stability of photogenerated Z isomer and very often a bad compatibility with the
LC matrix when used as photosensitive dopants resulting in various degree of aggregation [1].
Here, we show our efforts to understand the chemical structure—property relationships of
azobenzene photosensitive materials in liquid crystal systems. Through a synthetic study, we
tried to help answer typical questions concerned with azobenzene photosensitive compounds.
We focused specifically on the following three questions. How to increase the compatibility of
the photosensitive azobenzene compounds with other components of the final liquid crystalline
mixture? What is the molecular design of azobenzene derivatives with high/low kinetic stability
of the photogenerated Z isomer and thus the high/low stability of the photoinduced changes of
physical properties of the final material? How to design the materials effectively switchable by
the desired wavelengths and thus to obtain effective photo-tuning of physical properties? The
actual study was focused on substituents in para positions to -N=N- bond and the effects of
lateral substituents on mesomorphism, photochemical and thermal isomerization as well as
absorption properties in the UV-Vis region.

Successful application of the substituent trends will be demonstated on several examples of
photosensitive liquid crystalline systems [2,3].
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X-ray scattering methods have played a pivotal role in understanding the structures and
dynamical properties of liquid crystal phases from the beginning of the field. In the early stages,
non-monochromatic X-rays and inefficient detectors, such as ionization gauges, were used.
Quite remarkably, researchers could distinguish the structure of the nematic (N) phase from that
of the isotropic state in octyl alcohols [1], estimate the intermolecular separation along their
long and short axes, and the size of molecular aggregates in these phases with good accuracy.

High-resolution methods, developed with the advancements in the generation and detection of
X-rays and new ways to prepare well-collimated monochromatic beams, enabled tests of
fundamental scientific concepts such as Landau Peierls instability in the smectic-A (SmA)
phase, universality of the N-SmA phase transition, 2-D melting, and bond-orientational order
in hexatic phases. Synchrotron-based experiments further enabled measurements of the first
(<P2(0)>), second (<P4(0)>), and third order (<Ps(0)>) order parameters, heliconical tilt angle,
and molecular distribution functions to differentiate between various phases including the N,
twist-bend N phases of CB7CB, and the de Vries SmA and SmC phases of siloxanated
mesogens and test theoretical models.

Very recently, the inelastic x-ray scattering (IXS) beamline 10-ID at the National Synchrotron
Light Source II, with an energy resolution of about 2 meV, has opened the door to investigations
of phononic collective excitations in LCs. The IXD beamline was used to investigate the
isotropic, N, and SmA phases of D7AOB and 5CB LCs. The results show the coexistence of
transverse and longitudinal phononic modes, a characteristic response of solid materials, and a
strong mixing of phonon modes arising from in-phase and out-of-phase movements. The
phononic response of the three phases is very different: the SmA phase reveals longitudinal
(LA) and transverse acoustic (TA) and optical modes. In contrast, the isotropic and N phases
exhibit only the LA and TA modes. The LC systems are suitable for further IXS investigations
of the propagation of sound and heat and for understanding their unique optomechanical and
nanoacoustic properties. X-ray experiments on LCs over the past ~100 years will be discussed.
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Nematic is one of the most common phases among the lyotropic liquid crystalline structures.
They have been widely investigated during last decades. In early studies, two uniaxial nematic
phases (discotic, Np, and calamitic, Nc) were identified. After the discovery of the third one,
named biaxial nematic phase (NB) in 1980, some controversies on the stability of biaxial
nematic phases began and still continue in the literature. From the theoretical point of view, the
existence of a biaxial nematic phase is well established. From the experimental point of view,
considering a mixture surfactant/co-surfactant/solvent, the relative alkyl chain length of both
surfactant, m, and co-surfactant (e.g., an alcohol), n, the higher (smaller) the value of the m (n),
when compared with the value of n (m), the larger the phase domains of the Np and Ns (Nc).
Indeed, this situation is a result of the molecular segregation of the surfactant and alcohol
molecules in the micelles. In the case of the specific interactions between head groups of the
surfactants and the counterions/ions of strong electrolytes present in the mixture, in terms of
their kosmotropic and chaotropic characters, choosing the surfactant and the electrolyte with
slightly opposite (strongly same) character may help to stabilize a lyotropic mixture of the Ns
(Nb) phase. Strongly opposite characters of both ionic species, head groups and the ions present
in the mixture, stabilizes the Nc phase. This communication aims to bring information about
the historical development of the nematic phases and summarize the recent studies on how to
stabilize different nematic phases from the experimental conditions, choosing the suitable
constituents of lyotropic mixtures to get the biaxial nematic phase.
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“Biaxial nematic liquid crystals: fact or fiction?”” was the title of a review at the beginning of
the second intense research period to find the holy grail of LC science.[1] 13 years later, after
an immense effort, especially in the area of bent-shaped molecules, no low-molar weight
material has been convincingly approved for its phase biaxiality.[2] This keynote will give a
short overview on the historical background and the challenges to be overcome either on
molecular design or alignment of the secondary director. Although, the latter is confirmed
macroscopically in the range of hundreds of nanometers to a few micrometers, a permanent
uniform alignment large enough to be visualized by Conoscopy or X-ray scattering remains
difficult. Eventually, a new class of roof-shaped nematogens (Figure) will be presented, for
which molecular biaxiality approach an optimum. Biaxial clusters have been shown to exist by
XRS and NMR relaxometry.[3] Recently, MD simulations combined with X-ray simulations
confirmed these findings for a lead structure 1a.[4] High biaxiality parameters of up to B =0.27
has been found in this mesogen family. Further evidence has been found by the record electron
mobility revealed by the TOF technique for compound 1b, which can be rationalized by the
biaxial self-assembly of the mesogens in the nematic phase.
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Figure. General structure of roof-shaped nematogens.
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One of the most important phase diagrams of lyotropic nematic liquid crystals has been
reported in the literature, in which two uniaxial (discotic — Np and calamitic — Nc¢) and one
biaxial nematic (Np) phases were characterized [1]. The Nz phase appears to be an
intermediate phase along the border between the two uniaxial nematic ones. Several
techniques [2] have been used to observe phase transitions in lyotropic mixtures. For a
concentration line in the Saupe diagram, whose Np— Np— Nc transitions occur with increasing
temperature, conoscopic images showed that inside the biaxial range, beyond the known
biaxial positive (Nz") nematic phase, we also found a biaxial negative (Nz~) nematic phase
[3,4]. In this work, polarized Raman spectroscopy will be used to verify the phase transitions
in a sample already known from the literature. This is a technique that probes vibrational
modes associated with specific chemical groups, and therefore presents a detailed insight into
the chemical composition of the sample and can provide information about the orientation of
the molecules inside the micelles, allowing the determination of their orientation in the
different phases of the liquid crystal. Figure 1 presents the angular variation of the Raman
peaks intensity associated with the stretching modes of CH: and D:0 at different
temperatures. Where a change in symmetry is clearly observed, indicating transitions with
increasing temperature. Allowing for the difference between the maximum and minimum
intensities (h) as a function of temperature (Fig. 1(c)), it is possible to identify the
temperatures of the phase transitions.
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Figure 1: (a) and (b) the angular dependence of the intensities peaks associated with the
stretching of the CH: and D:O, respectively. (c) Parameter 7 as a function of temperature.
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In their pioneering work, Jen et al.[1] laid the foundations for simultaneously identifying the
first two nontrivial orientational order parameters, <P>> and <Ps>, in thermotropic liquid
crystals using polarized Raman spectroscopy. In this technique, measurements of Raman
depolarization ratios under different orthogonal linear polarization conditions are used to
identify the order parameters. More recently, Zhong et al. [2] implemented a new sample
rotation method, which was applied to a quartz crystal cut in the 'ac' crystallographic
direction, demonstrating that the technique can be used in the study of anisotropic materials.
The objective of this work is to verify whether this method can be applied to non-rigid
systems such as samples of thermotropic liquid crystals (5CB and 8CB), whose phases and
transition temperatures are already well established in the literature [3]. Figure 1 presents the
angular dependence of the Raman peaks intensity associated with the stretching mode of the
C = N for the 8CB sample at different temperatures. From the difference between the
maximum and minimum intensities (2 = I — Imin/Imax) as a function of temperature (Fig. 1(b)),
the phase transition temperatures were determined, which are in agreement with the literature.
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Figure 1: (a) Angular dependence of intensity to v(C = N) and (b) Parameter 1 as a function
of reduced temperature to 8CB sample. Tni is the nematic-isotropic transition temperature.
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In this work we will study the rheological response of the nematic lyotropic system sodium
dodecyl sulfate (SLS), decanol (DeOH), and water (H20) to changes in the relative
concentration of the mixture constituents, expressed from the molar ratios My; = DeOH /SLS
and M,, = H,0/SLS [01]. Calamitic nematic (Nc) solutions were obtained in line with the
works of Thiele [02] and Amaral [03]. Initially, the molar ratios were decreased from M,, =
46.69 and M; = 0.374 to M,,, = 40.63 to M; = 0.338, respectively; During this process the
molar concentration of the DeOH cosurfactant was fixed at 0.315 mmol/g of sample.
Subsequently, the Mw molar ratio decreased from 45.03 to 44.26, as the Md molar ratio
increased from 0.293 to 0.383; In these mixtures the molar concentration of the SLS
surfactant was fixed at 0.874 mmol/g of sample. We have made rotational and oscillatory
rheological measurements. The results will be discussed in terms of the changes observed in
important rheological parameters: viscosity, consistency index, fluidity index, elastic recovery
modulus and viscous dissipation modulus.

Acknowledgements: From Brazil, the National Council for Scientific and Technological
Development (CNPq — 465259/2014-6), the Coordination for the Improvement of Higher
Education Personnel (CAPES), the National Institute of Science and Technology Complex
Fluids (INCT-FCx), and the Sao Paulo Research Foundation (FAPESP — 2014/50983-3)

References:

[1] Amaral, L.Q. and Marcondes Helene, M.E. Journal of Physical Chemistry 92, 6094
(1988).

[2] Thiele, T., et al. Journal of Rheology, 45, 29 (2001).

[3] Amaral, L. Q., Liquid Crystal, 37, 627 (2010).

93



B

Macromolecular
Liquid Crystals



Bl

Polymers,
elastomers and gels



29" International Liquid Crystal Conference (ILCC 2024)
i 215t — 26" July 2024
yae = 2024 Rio de Janeiro — Brazil

Rio de Janeiro -Brazil

Colorimetric Humidity-Sensing Liquid Crystal Elastomer Actuators

Xu, Long'; Zhang, Shaoxia'; Zhao, Yue'"

*Corresponding author: yue.zhao@usherbrooke.ca

'Département de chimie, Université de Sherbrooke, Sherbrooke, Québec, Canada J1K 2R1

Keywords: Liquid crystal elastomer, actuator, humidity sensing, stimuli-triggered motion,
azobenzene

We report the synthesis, characterization and study of new liquid crystal elastomers (LCEs) for
stimuli-controlled actuators capable of colorimetric humidity sensing. The designed LCE
structures feature amino azobenzene moieties either as side groups or on the chain backbone,
which can be protonated by an acid solution to render LCE actuators hygroscopic. When a
protonated LCE actuator is in an environment of higher humidity, it absorbs more water and
changes its color due to the deprotonation of azobenzene by water molecules, because the
protonated and deprotonated azobenzene absorb visible light at different wavelengths. The
initial color of the actuator and its sensitivity to humidity variation are determined by the extent
of acid protonation on the LCE surface, and the reversible color change can be distinguished
by the naked eye over a wide humidity range. This humidity-sensing LCE is used to fabricate
cylindrical rod actuator that can autonomously roll on a hot surface while reporting the humidity
change through its color change. Moreover, by applying water mist to selected area of a rolling
rod actuator, the moisture can act as a stimulus to change or reverse the rolling direction and
reduce the rolling speed. The achieved colorimetric humidity sensing capability endows LCE
actuators with an intelligent function and can be explored for application.
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liquid crystal elastomers (LCEs) exhibit unusually high vibration damping, which has been
assumed to cause their anomalously strong pressure-sensitive adhesion (PSA).! Here we
investigate the mechanism behind this enhanced PSA by preparing thin adhesive tapes with
LCEs of varying chemical formulations, characterizing their material and surface properties,
and examining their adhesion characteristics using a standard set of 90-degree peel, lap shear,
and probe tack tests. Our findings confirm that the enhanced PSA is present only in the nematic
phase of the elastomer, and that the strength of bonding takes more than 24 hours to reach its
maximum value. This extended saturation time is due to the slow relaxation of local stress and
director orientation in nematic domains after pressing against the surface. We demonstrate this
mechanism by showing that a freshly pressed and annealed tape achieves the same maximum
bonding strength upon cooling, when the returning nematic order is forming in its optimal con
figuration in the pressed film.

Figure 1: Peel testing of an LCE PSA adhesive
Acknowledgements: (This work was supported by the Royal Society via University Research
Fellowships (URF\R1\221104)
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We are studying a new electropolymerization process with calamitic liquid crystals [1-
4], which is carried out in the absence of solvents or added electrolytes. The process is achieved
by applying a direct electric field to (meth)acrylic monomers in sandwich glass cells covered
with ITO electrodes. The major advantage of this process is the ability to obtain highly oriented
films of side chain liquid crystalline polymers (SC-LCP) when using planar aligned cells.

Based on a homologous series of 12 acrylates
(A6En, with n=1-12) [2] we explore the occurrence of
high order smectic phases after the polymerization
process. The results shown that the so obtained PA6E4
polymer yielded a well aligned SmB phase at room
temperature (Figure 1).

The polymerization of monomers was also
performed by UV to compare both processes. Insight
in the mechanism involved will be presented.
Photoalignment and EP are two distinct processes,
which can be synergically used to produce some liquid
crystal devices for optoelectronics applications. The

2

obtained data as well as the SAXS characterization Figure 1: GIWAXS pattern of PA6E4 in
will be presented. the SmB phase

The new polymerization process is a powerful technique that can be synergistically
employed in specific applications, especially in the development of advanced liquid crystal
devices and optoelectronic systems. The precise implementation and potential benefits depend
on the desired functionality of the final device.
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Evaporation-induced self-assembly (EISA) is a process that has gained significant attention in
recent years due to its fundamental science and potential applications in materials science and
nanotechnology. This technique involves controlled drying of a solution or dispersion of
materials, forming structures with specific shapes and sizes. In particular, liquid crystal (LC)
biopolymers have emerged as promising candidates for EISA due to their highly ordered
structures and biocompatible properties after deposition. This review provides an overview of
recent progress in the EISA of LC biopolymers, including DNA, nanocellulose, viruses, and
other biopolymers. The underlying self-assembly mechanisms, the effects of different
processing conditions, and the potential applications of the resulting structures will be
discussed.

Nanocellulose

Figure 1: Evaporation-induced self-assembly of biomaterials
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Stimuli-Responsive Liquid Crystalline Elastomers (LCEs) are a class of materials that can
undergo significant changes in their properties and shape in response to external stimuli. In
particular, harnessing the power of halogen bonding (XB), a non-covalent interaction between
an electron-deficient halogen atom and a Lewis base, holds great potential for developing
advanced LCEs with unique functionalities. In our study, we present a novel approach utilizing
a liquid crystalline network comprising both permanent covalent crosslinks and dynamic
halogen bond crosslinks. By incorporating XB into the LCE matrix, we achieve a reversible
thermo-responsive shape memory behavior. The I---N halogen bond, a widely studied motif in
crystal engineering, plays a pivotal role in enabling temporary shape fixation at room
temperature and subsequent shape recovery when exposed to human body temperature.
Notably, our research showcases the remarkable versatility of shape programming in these
halogen-bonded LCE networks through simple human-hand operation. Additionally, we
propose a micro-robotic injection model that allows for complex 1D to 3D shape morphing in
aqueous media at 37 °C (Figure 1). Through meticulous structure-property-performance
studies, we establish the indispensable contribution of the I---N crosslinks in driving the shape
memory effect observed in our halogen-bonded LCEs. The introduction of halogen bonding
expands the toolbox for designing smart supramolecular constructs with tailored mechanical
properties and thermoresponsive behavior, opening up exciting possibilities for future medical
devices and other advanced applications. [/
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Figure 1: Halogen-bonded shape memory liquid crystal polymer.
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Liquid crystal elastomers (LCEs) reversibly change shape when exposed to local external
stimuli, chemical, electrical, mechanical and/or thermal in origin. Recently, our colleagues have
demonstrated that direct ink written elastomers carrying gold nanorods could respond locally
to light and globally to heat gradients, their shape shown to be modulated using a laser rastering
across the sample to demonstrate the former [1]. However, in addition to non-polymer additives
impacting controlled actuation in LCEs, additives such EDDET, n-butylamine and 5CB
collformulated with differing ratios of RM82, RM257 and other benzene-acrylate type
monomers can affect whether films produced from them are amenable to photochemical and
mechanical alignment, and, crucially, whether there can be significantly repeatable actuation
from these films. As we see, successful alignment is not always indicative of a film's ability to
actuate. This becomes even more apparent when LCE resin mixtures prone to side chain
polymerization do not benefit from the addition of additives or spacers due to their chemistry
as well. Here, we present an investigation of the properties of both side chain & main chain
elastomer mixtures produced with additives, as well as the extent to which these formulations
can be actuated. An understanding of actuation in 1-layer films will inform how DLP (digital
light printing) and magnetic alignment printing processes can be adapted to accommodate
multiple layer film printing with precise director alignment control.
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Liquid crystalline elastomers (LCEs) are lightly crosslinked elastomers with unique anisotropic
properties. They are increasingly considered for functional use in automotive, aerospace,
robotics, and biological applications. LCEs that retain the cholesteric phase (CLCEs) are optical
materials that self-organize into a helicoidal structure. The rotation and periodicity of the
refractive index across the thickness of the material forms a 1-D photonic bandgap resulting in
a reflection notch in the UV to MWIR and beyond. Our focus is on optimizing the chemistry to
make transmissive CLCEs with homogeneous properties, tunable crosslink density, and low
haze. Thiol-ene photopolymerization is a one-step click chemistry that yields homogeneous
polymers with controllable crosslink density.! Here, we detail the use of thiol-ene reactions to
make LCEs and CLCEs amenable to surface alignment. The stimuli-responsive behavior of
optical CLCEs was explored which can be applied to applications such as ophthalmic devices
or window coatings for the built environment.
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Many of the most interesting properties of cross-linked liquid crystals arise from director
orientation, which can be tailored for specific applications through methods ranging from
mechanical stretching, rubbing, electric and magnetic field, or photopatterning. When these
methods are used in conjunction with direct laser writing (DWL), microstructures of desired
geometry and reversible shape change can be created.

In our research, we focus on developing a methods that would enable layer-by-layer changes in
director orientation during the DWL process to manufacture structures capable of complex
deformation in response to external stimuli. We found out that this can be achieved by
programming the direction of laser scanning during the process of 2-photon polymerization, as
the alignment of subsequent lines affects the neighboring molecules. The effect is clearly visible
when cross-linked LC microstructures are printed on a bare substrate (Fig. 1A). This method
can yield birefringent structures on surfaces with complex geometry that cannot be easily
modified by other techniques e.g. the end-face of an optical fiber.

SCANNING DIRECTION ALIGNMENT ELECTRIC FIELD ALIGNMENT
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Figure 1: Microscope images of (A) LC network and (B) LC gel microstructures printed using
described alignment techniques. In (A) laser scanning direction has been marked.

The other method employed for dynamic director change involves electric-field alignment,
observed in liquid crystal gels with mesogens with high dielectric anisotropy. Our research has
demonstrated that structures with varied director orientation can be produced adjacently
through adjustments in the voltage applied to the LC cells during laser printing (Fig. 1B).
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Chemically patterned stripes of varying aspect ratios were fabricated on glass surfaces. A
hydrophobic surfactant surrounding the stripes allowed confinement of a nematic liquid crystal
mixture (NLC) containing <5wt% of RMS82 reactive mesogen and a drop of MBF UV
photoinitator. The top NLC stripe surface is open to air, and the lower surface is either glass or
a rubbed polymer alignment layer. The former contrasts with the literature where the majority
of NLC polymer stabilization occurs within a cell'. It has been shown in the literature that NLC
polymer stabilization can describe director fields in a cell®. For the geometry in this work, the
commonly seen central defect of the confined stripe can be faithfully reproduced after UV
curing and NLC removal, with shrinkage of the system also observed after NLC removal.

Factors relating to texture stability are also discussed. For example, it was found that the system
with no RM82/MBF had a significantly different texture under polarized optical microscopy
than the UV cured RM82/MBF mixture. The texture was different after the UV cured system
was annealed (Figure 1). A nematic-isotropic temperature close to the expected value was
measured for the UV-cured system during annealing, demonstrating the thermal stability of
NLC properties. Polymer stabilized NLC have been demonstrated in the literature to detect
analytes e.g toluene®. The free-surface geometry in this work allows a large surface area for
this. An understanding of the stability can be used to develop longer-lasting chemical sensors.

Figure 1- Demonstrative composite transmission polarized optical microscopy images of 8.8+0.1ul NLC confined in a
20x16mm rectangle with (left) no RM82/MBF, (middle) UV cured RM82/MBF, and (right) middle system annealed. The
rubbing direction is approximately aligned with one of the crossed polarisers.
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The elastic contribution to the fluid dynamics of wormlike micellar solutions makes
these fluids unique due to the distinctive self-assembled micellar network formed by cylindrical
micelles. Measured mesoscopic scales of the micellar network related to the degree of
entanglement can guide our understanding of the origin of elastic forces and their effect on
rheological response. Different experiments were made to determine how elastic forces modify
the rheological behavior in systems made of different ratios of hexadecyltrimethylammonium
bromide (CTAB)/sodium salicylate (NaSal) and different ratios of CTAB/NaNOs. Diffusive
wave spectroscopy micro-rheology was performed to measure the mean square displacements
of microspheres embedded in the micellar fluids to obtain their high-frequency viscoelastic
spectra. With this information, the ratio of the total contour of the micelles to the entanglement
length was estimated and correlated with the rheological behavior. This ratio was valuable
information for understanding the origin of the contribution of the elastic forces from a
molecular point of view on the fluid dynamics of wormlike micelle solutions.

The evolution of mesoscopic scales in biopolymer gelatin gels was also explored using
micro-rheology. Depending on how they form, their linkings are commonly classified as
physical, chemical, or hybrid. In hybrid gels, the physical and chemical crosslinking
mechanisms run simultaneously. No matter the linking process, as time elapses after gelation
starts, the persistence length of the unstructured, non-bonded flexible polymer sections
decreases due to the formation of bonds. The time evolution of the gel network's mesh size
roughly follows an exponential decay. In the hybrid case, the persistence length is not a mixture
of both processes; they are not independent when running simultaneously.
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As global warming has worsened dramatically nowadays, smart windows have become a
solution to prevent indoor temperature (7) from rising. The development of new materials for
smart windows has further enhanced their effectiveness. Polymer-stabilized liquid crystal
(PSLC) is commonly suggested for thermal insulation [1] or privacy purposes in smart
windows. We have developed thermally responsive PSLC smart glass with SmA—N* phase
transition and 7-sensitive properties using 1,7-bis-4-(4-cyanobiphenyl) heptane (CB7CB). The
cell does not entail field stimulation, but instead self-sufficiently adjusts the transparency in
response to ambient 7, displaying grey-scale transmission variations without a polarizer [2].
The innovation is the incorporation of CB7CB with a bifunctional monomer (RM257) and a
trifunctional monomer (TMPTA) in the nematic LC 8OCB to form a polymer network through
ultraviolet irradiation. The resulted CLC exhibits SmA orientation along the vertically applied
electric field, eliminating the need for an alignment layer. Figure 1(a) demonstrates that the
inclusion of CB7CB in small quantities can significantly decrease the necessary SmA phase
transition point. Figure 1(b) reveals that this device exhibits a high contrast ratio. The sample
shows higher transmission in the SmA phase. As T increases to induce disordered orientation
of LC molecules, the device becomes opaque when the LC turns into the N* phase. Figure 1(c)
illustrates our proof of concept although the switching temperature around 58 °C is somewhat

unpractical.
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Figure 1: (a) Phase transition sequences of pure 80CB and the uncured mixture counterpart
acquired by the real-part dielectric data at 10 kHz; (b) visible transmission spectra of a 15-um-
thick PSLC at various T (c) 7-dependent average transmission of the PSLC cell obtained in the
heating process. Insets: textures at 7= 50 and 65 °C.
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With the deepening exploration of biomimicry concepts, liquid crystal elastomers (LCEs) with
multi-mode stimuli-responsiveness and complex shape morphing ability have become a hot
topic in contemporary materials research.!!'! In this context, dynamically bonded LCEs enable
versatile shape programming and subsequent reversible photothermal actuation of the
programmed shape, showing potential in soft robotic applications.”?! Here we present a multi-
mode LCE combining shape memory programming, humidity sensitivity, and photochemical
actuation properties. Our design concept is depicted in Figure 1. The incorporation of dynamic
hydrogen bonds into the LCE imparts shape memory functionality to the photochemical
actuator, allowing for arbitrary shape programming and subsequent shape morphing in the
programmed state. Depending on the programmed shape, robotic applications such as light-
driven grippers that can adjust their shape for grabbing different-sized objects, are
demonstrated. Treatment of the film with KOH induces salt formation on the surface, rendering
one side of the LCE hydrophilic and, consequently, humidity-responsive. The base-treated LCE
bends in moderately humid environments, and the bending can be further controlled via the
photochemical effect. The proposed multi-mode LCE exhibits complex interplay between
humidity and photochemical response, combining facile control over the speed, geometry, and
directionality of the movements and promising smart and adaptive blOll’lSplI‘ed microrobots.

S - o mm m w— = —

l Shape pe ': :{ l
|
1

|
- Programming 365nm ‘ 1 460"""

I
. " |Base |
365nm 70°C Tl 70°C Itreatment 365nm

Or - 1 ?
S " ; —: — Or
' 460, ; 460nm '
L 1 Humid Humidl

[
I
I
I
I
I
I
I
I
I
I
I
I
i
I
I

- mm Em Em o mm Em mm Em o Em omm oEm Em

! 1
| 1
- '
I : : 365nm i'
#3650m | : &
Or ' : 1 Or ’

\

e e B e e mm mm mm wm m om0

Figure 1. Schematic illustration of photochemically driven, humidity-sensitive LCE actuator
with shape programming, and shape morphing property.
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Azobenzene-containing liquid crystalline 1.0

polymers belong to a unique class of hybrid ] 12_4,_,
materials combining the properties of 0.8 —O—6H
macromolecular compounds with | igi

extraordinary optical properties of liquid 0.6

crystals and photochromism of azobenzene- a
based materials. Polarized visible light 04
irradiation leads to an appearance of '
photoinduced dichroism and birefringence in oHy " " Q -
these materials. This phenomenon is called 221 *CHZ’j\)f R Qﬁ“@ﬂo
photoalignment and it can be used for the R i e
creation of materials for applications in 0.0 O e L
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photonics and flat optics.” In particular, the s

ability to create diffractive optical elements
based on periodic polarization patterns are
highly promising for applications in
augmented reality (AR) and virtual reality
(VR) technologies. Thus, understanding and manipulating photoalignment mechanisms, and
understanding how they relate to the photochemical properties of the molecular building blocks
used, is key to unlocking many innovative applications in different fields of optics and
photonics.

The introduction of c-electron-withdrawing F atoms in the ortho position to the azo group leads
to both effective separation of the n—n* bands of E- and Z-isomers, which opens the possibility
of using these two transitions to selectively induce E/Z isomerization, and significantly
increased thermal stability of the Z-isomer.® The effect of the unique photochemical properties
of fluorinated azobenzenes has not yet been studied in the context of photoalignment processes.
Thus, in this work, we explored how the lateral fluorine substituents in the azobenzene
photochrome affect the process of photoalignment in comparison with the unsubstituted
analogue. It has been found that ortho-fluorination increases the dichroism values and the speed
of the photoalignment process compared with the similar azobenzene-containing polymers
without lateral substituents (Fig.1). Fluorination of azobenzenes seems like a highly potent
route to improve the photooptical properties of photoaddressable materials.

Figure 1. Kinetic curves of dichroism values
and chemical structure of studied materials.
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Photo- and multi-functional crosslinked liquid crystal polymers (CLCPs) are promising
materials for designing intelligent soft actuators due to their distinct stimuli-responsive shape-
changing abilities. However, chemically crosslinked LCPs are insoluble in organic solvents and
infusible upon heating, which are incompatible with commonly used polymer processing
methods and difficult to implement the construction of 3D actuators with alterable geometry.
On the other hand, the existing mature approaches for constructing multifunctional LCPs in
response to external stimuli are still hampered by the fact that some functional monomers are
not accessible by direct polymerization. Therefore, the molecular design of new materials is
essential for improving the processibility and functionality of LCPs.

We synthesized the linear LCPs by ring-opening metathesis polymerization (ROMP), which
possessed good mechanical properties due to the high molecular weight and physical
crosslinking. Linear LCPs were easily processed into 3D microchannels due to the absence of
chemical crosslinking network, which presented a conceptually novel way to propel liquids by
capillary force arising from photo-induced asymmetric deformation. Furthermore, the
microchannels were integrated into the microfluidic chips to construct lab-on-a-chip platforms
for efficient liquid transportation, mixing, fusion and separation, which effectively get rid of
the external control devices and realize portable biochemical analysis.

Moreover, we propose a facile synthetic approach by combining the respective advantages
of ROMP and post-polymerization modification to attain a new multifunctional LCP. ROMP is
utilized to synthesize a high molecular weight reactive photo-responsive LCP precursor in the
first place, which endows the precursor with good mechanical properties without further
chemical crosslinking. Moreover, the existence of reactive groups renders the above LCP to
undergo efficient coupling reactions with a humidity-responsive functional group via post-
polymerization modification reactions, which is difficult to achieve with direct polymerization.
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Optoelectronic devices have brought together improvements through advances in organic
semiconductors, some examples of these improved devices are organic field-effect transistors
(OFETs), organic photovoltaics (OPVs) and organic light-emitting diodes (OLEDs). With
this fact, one of the objectives of this work is to improve the molecular alignment between
emitters for better light emission, through the classification of two triazine molecules with
the same nucleus. To this end, a variety of different equipment and techniques were used.

It was demonstrated in a work that using triply phenantryl and 4helicenyl with short alkyl
chains, glass transitions occurred above room temperature within the hexagonal columnar
liquid crystalline state, thus resulting in a solid columnar order at room temperature [1].
Films were produced with the two molecules mentioned, through spin coating and blade coat,
using chloroform as a solvent for preparing films and solutions. Comparisons also occur
between molecules, such as behavioral actions, photophysical and morphological properties.
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Molecules with rigid aromatic centers and flexible side chains are widely studied and tested in
organic studies and tested in organic devices such as light-emitting diodes (OLEDS), field-
effect transistors (OFETs) and photovoltaics. LC combines the molecular organization of
crystalline systems with a certain fluidity, facilitating the process of charge and material
transport. One of the goals of this work is to categorize the combination of two symmetrical
triazine molecules with different side chains, so comparisons were made in relation to their
behavior and their photophysical and morphological properties using different techniques, such
as the production of films by spin coating and blade coating techniques, using chlorine. Spin
coating and blade coating techniques, using chloroform as the solvent for film production and
for analysis in solution. Observation of the photophysical processes was carried out using UV-
VIS absorbance spectroscopy and photoluminescence spectroscopy. This process was repeated
with the molecules separately in solution and their combination was analyzed in solution and
films, by spin coating and blade coating. Heat treatments on the organization and packing
properties, which was checked in a polarized light microscope (MOLP). Differential Scanning
Calorimetry Scanning Calorimetry (DSC) was used to analyze the thermotropic behavior of
triazine molecules individually and in combination.
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Organic molecular systems have been a hot topic of study in the scientific community due to
new technological applications they can present. However, these systems hide many important
non-measurable properties only accessed by numerical calculations, making use of theoretical
models with various theory levels to fit a specific system. The efficiency of organic light
emitting diodes (OLEDs) can be improved by the molecular ordering of the emitting molecules
inside the active layer, since higher order improves charge transport, energy conversion and
light outcoupling [1]. In this sense, liquid crystals can play a special role due to their self-
aligning properties. Here, the photophysical analysis of perylene-based liquid crystals are
assisted by numerical calculations to access the electronic distribution and localization of the
frontier molecular orbitals, the influence of the magnetic field due to atomic interactions and
detailed information about electronic transitions. Those analyses were performed using density-
functional theory (DFT) [2], allowing the simulation of the molecular orbital surfaces and
absorption/emission spectra. We were able to predict molecular systems towards more
sustainable devices with higher efficiency.
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The latest advances with organic semiconductors have provided competitive optoelectronic
devices with new functionalities, as observed for organic light emitting diodes (OLEDs),
organic field effect transistors (OFETs), organic photovoltaics (OPVs) and sensors. The
efficiency of these devices depends directly on the molecular ordering achieved by the active
layer, since higher order improves charge transport, energy conversion and light outcoupling.
In this sense, self-organizing molecules, such as liquid-crystalline materials, effectively play a
role in this field. In a previous work, we demonstrated that the molecular alignment of a
columnar liquid crystal (ColLC) in a diode structure improved the charge carrier mobility in
five orders of magnitude and allowed electroluminescence emission [1]. Here, we investigate a
triazine-based ColLC as aligning host for emissive molecules to be applied in the active layer
of OLEDs, based on a work where we demonstrated the potential of the photophysical
properties of liquid-crystalline triazine-based molecules for alignment-induced enhancement of
light outcoupling [2]. As guest emissive molecule we investigated a thermally activated delayed
fluorescent compound, which absorption band overlaps with the emission peak of the triazine-
based host in order to optimize energy transfer [3]. The photophysical studies demonstrated that
for 10.0 wt% concentration of the guest, the host emission is totally converted to the guest with
increasing of the photoluminescence quantum yield, which is also influenced by the molecular
organization of the medium. In this work we investigated the photophysical behavior of
perylene derivatives in 1% wt drop casting films in a triazine (5A) host. The host's emission
band coincides with good coupling with the emitters' absorption band, demonstrating good
host/guest energy transfer.
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Counterfeiting is currently the second-largest source of organized crime, disturbing all
segments of society (documents, clothing, food, automotive parts, pharmaceuticals, and even
electronics), reaching industry, government, and end-users. Counterfeit products have become
more accurate with technology development, and deterrent anti-counterfeiting solutions are in
constant demand. Structural-color-generating films from cellulose nanocrystals (CNC)
nanocomposites present good properties to be used as anti-counterfeiting systems. Derived
from liquid crystalline lyotropic suspensions, these photonic materials present selective left-
handed circular reflection, which can be used as a covert anti-counterfeiting feature, the
structural coloration that can act as an overt feature, flexibility, and response to multiple stimuli
(such as relative humidity, electric field, temperature, and polar solvents) as additional covert
features. [1-4] Tunning optical properties and flexibility of solid films of CNC with other
cellulosic derivatives was explored by the addition of hydroxypropylcellulose (HPC) [3] and
hydroxypropylmethylcellulose (HPMC) [5] in home-made and commercial cellulose
nanocrystals in liquid crystalline colloidal suspension, within the biphasic regime. HPC and
HPMC content allows modulating the reflected pitch value within all composite systems and
induces flexibility, while HPMC gives rise to a more elaborate optical response, highly
dependent on the origin of the CNC and molecular weight of the HPMC, with left-handed and
“apparent” right-handed optical light reflection. These new photonic cellulose-based
nanomaterials are excellent candidates as anti-counterfeiting optical variable devices.
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In recent years chiral thin films contributed significantly to the development of
multiple optoelectronic technologies. One of the most studied are organic films based on
liquid crystalline phases with helical geometries, such as the B4 phase. Anisotropy of
alignment in such materials causes the occurrence of unwanted linear optical effects during
the examination of chiroptical response. This entanglement results in linking the optical
properties of the film with its orientation, posing a major obstacle in the application of such
materials.

In my work, I present comprehensive research on the liquid crystalline dark
conglomerate phase (DC). Its chiral, non-linear sponge-like morphology limits the occurrence
of linear effects while exhibiting extremely strong circular dichroism (CD) and circular
birefringence (CB). Morphology was investigated using transmission electron microscopy
(TEM) and atomic force microscopy (AFM). Optical properties were characterised by a state-
of-the-art method of Mueller Matrix Polarimetry (MMP), that allowed conducting a detailed
study of both linear and chiral effects in thin film with a thickness ca 10 micrometers.
Obtained data confirmed the material's high chiroptical activity with a minor contribution
from linear phenomena. Presented MMP results for DC phase are also compared with a MMP
study of a B4 phase, conducted for a series of liquid crystalline compounds.
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Figure 1: (a) TEM image of DC phase. (b) CD map as MMP result for DC phase. (c) TEM
image of B4 phase. (d) CD map as MMP result for B4 phase.

117



29" International Liquid Crystal Conference (ILCC 2024)
Pes il e 215t — 26" July 2024
ILCC - 2024 Rio de Janeiro — Brazil

Rio de Janeiro -Brazil

Enhancing Circularly Polarized Luminescence: Multimodal Chirality
Induction in Liquid Crystal Templated Films

Pawlak, Mateusz'; Lewandowski, Wiktor'"

*Corresponding author: wlewandowski@chem.uw.edu.pl

Keywords: circularly polarized luminescence, chirality, nanotubes
Faculty of Chemistry, University of Warsaw, ul. L. Pasteura 1, 02-093 Warsaw, Poland

Circularly polarized luminescence, an optical phenomenon where emitted light displays
different degrees of left and right circular polarization, holds significant promise for
optoelectronics, chiral sensing, and photonics. However, the performance of chiral emitting
molecules is hindered by their inherently low excesses of one circular polarization in emitted
light. Recent efforts have tackled this challenge by fabricating chiral materials in solid-state
configurations, though this approach introduces difficulties in examination due to potential
parasitic effects (such as birefringence, linear dichroism, circular differential scattering and
selective reflection [1]). Here, we introduce a method for inducing CPL in achiral fluorescent
dyes using a chiral liquid-crystalline matrix. This matrix, comprising mesogenic organic
compounds, forms centimeter-sized homochiral domains during crystallization [2]. Within each
domain, mesogens crystallize into chiral nanotubes with one handedness. Our approach
achieves materials with luminescence dissymmetry factors reaching 0.3 (Fig. 1), a remarkable
improvement over typical values for chiral organic molecules in solutions by a factor of 1000.
Additionally, our results are supported by series of experiments which rule out common
parasitic effects as the origin of observed chiral luminescence. These findings promise not only
the development of highly efficient chiral luminescent materials but also unveil a new, universal
method for CPL induction in aggregated organic dyes. This approach is complementary to
existing approaches for circular dichroism induction in a chiral mesogenic matrix [2,3].

Figure 1: Circularly polarized luminescence of yellow fluorescent dye introduced into chiral
nanotubes forming large homochiral domains: a) sample observed with the naked eye,
b) sample observed through a left-handed circular polarizer, ¢) sample observed through a
right-handed circular polarizer.
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Self-assembly of nanoparticles in liquid crystals has been accomplished yielding diverse
controllable structures such as foams, networks, and shells.! This creates a great opportunity
for research and application in photonics, electronic, sensing, among others. However, before
diving into the application, we need to understand the systems and their mechanism. For this,
we have chosen to study the nanocomposite formed by nematic liquid crystal SCB (4-cyano-
4’-pentylbiphenyl), and quantum dots coated with diverse calamitic ligands. The initial stage
of the self-assembly process is studied by high-speed video microscopy under varying cooling
rates, quantum dots concentrations and coating materials. We have compared our experimental
observations with simulations and noticed how the phase boundary transports the quantum dots
and the nematic growth correlates with the universal growth law L(#) ~",> where L is the
characteristic length of the system and # is the universal growth exponent. These results will
help us to gain a better understanding of the structure formation.

Figure 1: a-f) Nematic nucleation and growth of 5CB, g-i) Final structures: g) network, h)
foam, 1) shells.
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We recently showed that anisotropic (nematic) lyotropic phases can be formed by spherical
metal oxide nanoparticles (NPs) through functionalization with semiflexible polymer ligands.'
This approach has been extended to produce chiral LC phases of the same NPs with synthetic
polypeptide ligands including poly( y-benzyl-L-glutamate) (PBLG) and poly(y-stearyl-L-
glutamate) (PSLG). At sufficiently high concentrations, ZrO2 NPs functionalized with PBLG
ligands (PBLG-ZrO: NPs), were observed to form lyotropic cholesteric and columnar
hexagonal LC phases, while PSLG-ZrO2 NPs were able to form both thermotropic and lyotropic
LC phases, as seen by the cholesteric fingerprint textures (Fig.1). In agreement with our
previous study of NPs with poly(hexyl isocyanate) (PHIC) ligands, lower critical LC
concentrations were observed for the NPs when compared to the free polymer in solution.
Whereas the PHIC-ZrO2 NPs have reduced nematic order, small angle X-ray scattering (SAXS)
of lyotropic solutions of the NPs with chiral polypeptides showed stronger and sharper Bragg
diffraction peaks, indicating that tethering the polypeptide to the NPs results in a higher degree
of positional order.

Figure 1: (left) DCM solution of PBLG-ZrO:2 NPs (right) toluene solution of PSLG-ZrO2 NPs.
oth exhibiting lyotropic cholesteric LC order.
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Multicolored, cholesteric patterns may be observed on the bodies of insects and fish [1].
Bioinspired smart coatings might be applied to optical communication, signaling, or
cryptography [2, 3]. The creation of single-piece films with continuous, hierarchical nanoscale
and micrometer-scale structures, as found in nature, and accompanied by design simplicity has
not been fully investigated due to the challenges inherent in such applications. The feasibility
of associating various reflection colors inside a monolayer without combining discontinuous,
cholesteric materials with different natural pitches is here investigated. During a
diffusion-driven design process (Fig. a), we explore the distinct roles of two physical
parameters: the molecular anchoring at film interfaces and the surface tension local anisotropy,
which is liable to occur across the film [3, 4]. We investigate the time-dependent evolution of
optical characteristics in the film plane in relation to transmission electron microscopy
cross-sectional views (Fig. b). An analysis of the free, natural pitch in comparison to the
material's constrained, effective pitch is discussed.

(a) ~ (b)

Drop of PVA solution

Green CLC filmi+

IR CLC film

YELLOW-GREEN

(a) The experimental cell before the design process. (b) Fingerprint textures in transmission
electron microscopy cross-sections of two colored areas of the same film.
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The intricacy of precisely matching the organic and inorganic components, particularly in
terms of chemical compatibility and nanoparticle core size, remains a major obstacle in
preparation of liquid crystal nanoposites and hybrid organic-inorganic with high metal loading.
[1] Although many difficulties have been surmounted, the development of systems that can be
externally controlled in terms of their structural or physicochemical parameters remains a
significant challenge [2].

The presentation will discuss a variety of multi-responsive system containing gold
nanoparticles, iron oxide nanoparticles, and a photo-switchable diazo compound
(120Az05Az0012) [3],[4]. Structural and physicochemical studies will be presented showing
the first supramolecular system capable of switching soft phases, created by spiropyran-

modified nanoparticles, using both light and a complexing agent.
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Figure 1: a) Switchable structures composed of nanoparticles and a chiral 11qu1d crystal
matrix; b) Reorganization of nanoparticles in a condensed system caused by light
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We investigate the effect that the roughness of a buried interface has on the nanostructure of a
liquid crystal. This structure affects and facilitates charge transfer. The rough interface has
been prepared such that the liquid crystal aligns parallel to the surface of the interface [1]. The
parallel alignment includes the imperfections or openings in the rough 