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Figure — Experimental schemes corresponding to the implementations reported using Liquid-
crystal (LC) metasurfaces in Refs.[2-3] (a) and LC spatial light modulators (SLMs) in Ref.[4] (b)
are shown. (c) Experimental output distribution for a high-dimensional quantum walk. Each
spot is relative to a transverse-momentum mode.

Abstract: Many techniques for manipulating the spatial structure of optical fields rely on
scalar wavefront shaping and neglect the vectorial nature of light and its polarization [1]. Here,
we present a fully vectorial approach based on local polarization control, in which a spatially
structured anisotropic medium implements a point-wise polarization transformation [2]. We
discuss two complementary implementations using patterned birefringent liquid-crystal de-
vices, namely liquid-crystal metasurfaces [3,4] and spatial light modulators [5,6]. We show
that a sequence of three patterned birefringent elements is sufficient to realize arbitrary spa-
tially varying polarization transformations. The two approaches are comparatively analyzed
through proof-of-concept experiments implementing photonic quantum walks.
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Abstract: Nematicons are reorientational spatial solitons launched by light beams in ne-
matic liquid crystals [1-2]. Nematicon-nematicon interactions [3] can support a time-varying
spatially-extended response. When launching two copropagating and initially parallel nemati-
cons, one acting as the source and the other as the receiver, modulation information can be
transferred between them and revealed as position/waist/amplitude. Employing different col-
ors, a periodic switching of the source soliton can yield a measurable displacement of the
receiver. The figure shows in (a) two nematicons launched in a planar cell with nematics
oriented at 45°. Transmitter and receiver are spatially (= 30um) and spectrally (1064nm and
633nm, respectively) separated solitons. As visible in (b-c), the received signal is modulated
at the rate of the input up to 5Hz, with higher frequencies showing a lower signal-to-noise
ratio due to reorientation decay.The perturbation elastically impressed-on the nonlinear die-
lectric proves viable for remote signal transfer between otherwise independent soliton wave-
guides, making “talking solitons” a novel approach to information transfer. Future work on
long range communication between spatial solitons will optimize the effect in terms of beam
power and profile, distance and position, sample geometry and modulation format.
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Figure — (a) Propagation of source (up-
weomoon per panel) and visible receiver (middle
AWAR VARV panel) nematicons. The on/off switching
of the transmitter dynamically affects the
transverse position of the VIS receiver

100pm (b)

ut Intensity

Outp

Time [s]

.

e i nematicon (bottom). (b) Photodetected
e it signals from transmitter (NIR) and re-
© NN NN ceiver (Vis) Nematicons, demonstrating

information transfer between the two all-
optical waveguides. (c) Received signal
~ for various modulation rates.

235

Output Inte

2 P SN

N e SN

Time [s]

This work was supported by the Air Force Office of Scientific Research under award no FA8655-25-1-7016.

References
[1] Peccianti, M. & Assanto, G. (2012) Nematicons, Phys. Rep. 516, 147

[2] Piccardi, A. & Assanto, G. (2024) Nematonics: from physics to photonics of reorientational solitons, Liq.
Cryst. 51, 2252

[3] Kwasny, M.; Piccardi, A.; Alberucci, A.; Peccianti, M.; Kaczmarek, M.; Karpierz, M. A. & Assanto, G. (2011)
Nematicon—nematicon interactions in a medium with tunable nonlinearity and fixed nonlocality, Opt. Lett. 36,
2566



Roberto Bartolino (1948-2026)

Riccardo Cristoforo Barberi

Physics Department of University of Calabria, Rende, Cosenza, Italy
STAR IR, University of Calabria, Rende, Cosenza, Italy
riccardo.barberi@fis.unical.it

Roberto Bartolino (1948-2026) was
Professor Emeritus of Applied Physics at the
Department of Physics of the University of
Calabria, where he also served as Head of
Department and, previously, as Dean of the
& Faculty of Science. A leading figure within the
ﬁ\ academic community, for decades he
' embodied a model of love for science,
institutional dedication, and profound humanity.
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A scholar of great distinction and a passionate teacher, Roberto Bartolino devoted his life to
research and to the education of generations of students and young researchers. His tireless
scientific commitment was always matched by an equally deep devotion to his family. He is
survived by his wife Simonetta and his children Tommaso, Margherita, and Stefano.

An internationally renowned condensed matter physicist and a charismatic personality, he
played a central role in the development of liquid crystal physics and soft matter in Italy,
making a decisive contribution to the scientific growth of the University of Calabria. From the
very early stages of his career, despite strong international connections, he consciously
chose to pursue his academic work at what was then a very young university, located in a
region that was objectively peripheral. This choice resulted in an extraordinary scientific and
institutional impact—not only in the specific fields of liquid crystalline materials and soft
matter, but also in the organization and development of condensed matter physics in Italy,
through, for example, his significant contribution to the foundation and activities of the INFM,
later incorporated into the CNR.

Today he is also remembered as one of the earliest and most influential promoters of the
compact X-ray source STAR, a strategic national research infrastructure located on the
campus of the University of Calabria. On October 20, 2025, he symbolically “ignited” its first
spark remotely during the official inauguration, marking a historic moment for this highly
significant instrument, destined to profoundly influence national scientific research in the
years to come.
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Abstract: In recent decades, liquid crystals—particularly chiral nematics—have been increasingly utilized
in the development of anti-counterfeiting devices. Thanks to their self-assembly and optical properties, liquid
crystals can exhibit various textures that can be used as Physical Unclonable Function (PUF) keys. A PUF key
is a unique object, irreproducible due to characteristics produced through a random process, which can be
embedded in a physical object to protect various types of goods.

For this purpose, we have developed several techniques to create fingerprint-like textures that represent the
PUF key, using cholesteric liquid crystals. Specifically, these textures were generated by applying external stim-
uli to CLC microdroplets dispersed in different matrices (Figure 1a), such as electric fields (Figure 1b) [1], tem-
perature variations (Figure 1c), and mechanical stress (Figure 1d) [2].

Then, confining CLC in planar geometry and applying an electric field (Figure 1e), we discovered that, before
the Freedericksz transition, the mesophase undergoes a continuous texture variation caused by molecular re-
arrangement, thus producing a sequence of unique and irreproducible textures [3] (Figure 1f,g).

Finally, PUF keys or more weak security device, can be camouflaged using polymer dispersed liquid crystals
[4] (Figure h-j).
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Figure 1 — CLC microdroplets dispersed in a fluid
matrix exhibiting fingerprint texture (a) applying an
electric field, (b) a temperature variation, (c) and a
mechanical stress, observed with confocal micros-
copy (objective 20x). An electric field is applied us-
ing a current generator (e) to a CLC confined in a
planar geometry (f), to produce unique and irrepro-
ducible textures (g), observed with conocal micros-
copy (objective 20x). CLC are used to camouflage
a Qr code (h); isotropic transition can be obtained
rubbing the sample with hands (i), enabling the au-
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The ferroelectric nematic (Nr) phase uniquely combines fluidity with macroscopic polari-
zation (P), giving it properties distinct from conventional liquids or solid ferroic materials. Be-
cause of these properties, the Nr phase accumulates large charges when splay-deformed or
aligned toward dielectric surfaces, while being unable to sustain even weak depolarization
fields. We report that when the Nr phases of RM734 and DIO are confined and aligned in
geometries inducing electrostatic frustration — for example, through splay-inducing geome-
tries — they reduce their macroscopic polarization while retaining nematic order, a phenome-
non we term “Polarization Plasticity.”

Specifically, we studied the polarization plasticity by confining Nrs in arrays of intersected
microchannels terminating in independent electrodes. Second Harmonic Generation (SHG)
measurements show that the material modulates its P to keep V - P = 0 at the junctions.
Bound charge measurements through voltage reversal performed on mm-sized, 3D printend
channels and lattice-based numerical simulations further confirms the P reduction. Remark-
ably, polarized microscopy reveals that this P reduction occurs without optical signatures,
with molecules continuously following the channels from electrode to electrode.

These results nicely combines with data obtained confining the Nrs in simple parallel pla-
nar electrode cells, giving further hints on the microscopic mechanism. In this condition, even
if nematic ordering is preserved with director perpendicular to the electrodes, P start decreas-
ing when the applied voltage is below a threshold Vsat, dependent on electrode capacitance
but independent of cell thickness. Bound charge reversal kinetics agrees with a model where
the system splits into antipolar tubular domains spanning the electrodes, separated by pure
polarization-reversal walls, each retaining its bulk equilibrium polarization P. Overall, we find
clear evidence of polarization plasticity as a general strategy for Nr to relief electrostatic
stresses.
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Figure. a, Schematic diagram of our experimental setup. A collimated beam illuminates Grating 1 which preparest
the target polarisation-transverse momentum input state. Grating 2 acts as a tunable beam splitter in which two-
photon interference causes bunching in output mode. Modes are separated using a Fourier lens and resolved as
separate spots on a TPX3CAM event-based camera which is used to detect coincidences. b, Coincidences
between output modes as a function of §(V), the tuning of Grating 2, and Ax, the lateral offset of Grating 2.

Abstract: Structured optical materials provide a promising platform for photonic quantum
information processing in free space. Beam splitters, a fundamental building block of photonic
circuits, have recently been demonstrated in free space using geometric-phase optical
elements [1]. These devices coherently mix circularly-polarized transverse modes of freely-
propagating optical fields, including modes carrying orbital angular momentum [2]. In this
work, we investigate liquid-crystal metagratings as electrically tunable beam splitters for
transverse-momentum optical modes. By exploiting the voltage-controlled birefringence of
liquid-crystal metasurfaces [3], we experimentally tune the splitting ratio of the device and
thereby control the degree of two-photon interference between indistinguishable photons. At
the output, photons are spatially resolved on different regions of a time-resolved single-
photon-sensitive detector [4], enabling the reconstruction of coincidence maps in the Fourier
plane. This approach is readily scalable and enables highly parallel coincidence
measurements across a large number of optical modes.
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Figure — Representation of the crystal
packing of a quasi-zero dimensional lead-
halide perovskite based on polyfluori-
nated imidazolium cations. Colour and
style code: Phsli2%-, polyhedral represen-
tation; Pb, dark grey; 1, purple;
MelmCgHsF13*, ball and stick representa-
tion; C, grey; N, light blue; F, yellow; H,
white.

Abstract:

Hybrid Organic-Inorganic Halide Perovskites (HOIHP) have emerged as promising mate-
rials in semiconductor technology, due to their easy and low-cost production together with
their unique optoelectronic properties [1,2]. Despite their meteoric growth, many challenges
related to their stability need to be addressed for their implementation in the real world. Ad-
dressing these minus requires a deep understanding and control of structure-properties rela-
tionships, which at the moment are still missing.

In this communication, unprecedented quasi-zero dimensional perovskites based on
polyfluorinated imidazolium cations will be described [3]. These new fluorinated materials
show intrinsic liquid-crystalline behaviour over a wide range of temperatures, with enantio-
tropic smectic A phase, which is reminiscent of the lamellar phase observed in the crystal
state. The lamellar order, both in the solid- and liquid-crystalline states, is directed by segre-
gation and promoted by manifold intermolecular F---F interactions between the polyfluori-
nated chains of the imidazolium cations. Moreover, the structure of the incorporated imidaz-
olium cation was found to tune the properties of the liquid crystalline phase. Collectively,
these results may pave the way for the design of a new class of halide perovskite-based soft
materials.
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INevineys Figure — A sequence of dichroic liquid-crystal metasurfaces is
: : : : : : :: used to simulate non-unitary quantum walks, generated by
Ivevlines non-Hermitian Hamiltonians. In these devices, the dye mole-
:::::::: cules align with the liquid-crystal substrate. Accordingly, the
teeslines application of an electric field enables simultaneous tuning of
EX X AL X X4 both the birefringence and the dichroic response of the device,
¥ I encoding different simulation parameters.
X
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Abstract: Among spin-orbit technologies, liquid-crystal metasurfaces provide a versatile
platform for coupling optical polarization with the spatial structure of light. Their applications
range from microscopy to communication, metrology, and simulations. In quantum simula-
tions, they have been employed to simulate quantum walks, describing the spin-dependent
evolution of a particle on a lattice. In this context, the birefringence and optic-axis modulations
of liquid crystals can be patterned to encode specific parameters of the simulated evolution.
However, these devices have so far been limited to the simulation of unitary dynamics. We
show that, by doping liquid crystals with dichroic dye molecules, these metasurfaces can be
employed to simulate non-unitary quantum walks. Dichroism and birefringence are inherently
coupled and can be simultaneously tuned by applying an external field [1], which enables the
simulation of different non-unitary regimes [2]. Finally, we introduce a polarimetric protocol to
perform position-dependent tomography of the implemented optical transformation, enabling
the direct extraction of the parameters of the underlying non-Hermitian Hamiltonian [3].
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Abstract: Coacervate droplets formed by liquid-liquid phase separation (LLPS) are com-
partments with composition and properties different from those of their environment, which
enable spatiotemporal control over chemical reactions [1]. An intriguing phenomenon, not yet
fully explored, is the emergence of liquid crystal order in condensates formed by the associ-
ation of oligonucleotides with positively charged peptides [2-4].

We have investigated the phase behavior of peptide-oligonucleotide mixtures using Mo-
lecular Dynamics simulations, based on a chemically specific coarse-grained model [5,6],
that we have suitably adapted. Combining simulations with experimental observations, we
have elucidated the hallmark features of the liquid-to-liquid crystal phase transition (LLCPS),
identifying its molecular determinants and providing a detailed characterization of the struc-
tural and dynamical properties of liquid crystalline coacervates [7]. Moreover, we have eluci-
dated the hierarchical mechanism underlying the rich phase diagram exhibited by short DNA
duplexes in the presence of cationic polymers [3], that arises from the interplay between
phase separation, liquid crystalline ordering and supramolecular polymerization promoted by
end-to-end stacking.
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Figure — The figure shows an
optical microscopy image acquired
under crossed polarizers, referring
to the liquid-crystal biosensor. The
liquid crystals are perturbed by the
presence of bovine serum albumin
(BSA)

Abstract

We report on highly sensitive label free optical biosensing of proteins based on nematic liquid
crystals. The principles of biosensing are related to the change in the liquid crystal alignment induced
by biomolecules adsorbed on the cell inner surface, which can be easily detected with a polarizing
optical microscope. Although this approach is well known, we propose here an experimental strategy
that allows us to reach a detection limit of the order of 10"® g/ml and to assess a well-defined, specific
dependence of protein concentration on cell birefringence, for rapid quantitative biosensing. The
proposed biosensor can additionally be used for the detection of antibodies.
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Abstract: solutions of DNA oligomers form Liquid Crystals (LC) via a multi-step process:
sequences hybridize forming rigid-like rods (duplexes) that in turn assemble into linear ag-
gregates thanks to end-to-end interactions. At high concentration (c > 100 g/L), these aggre-
gates align giving rise to LC ordering. Duplex end-to-end interactions are crucial since they
enable overcoming the Onsager aspect ratio threshold (Xt = 4) for LC ordering of rigid rods.

LC have been recently observed in pools of random-sequence DNA with length L = 8 and
12 nucleotides (X = 1.35 and 2.7) [1]. In these oligomers, the four DNA bases occupy any
position with equal probability forming 4L distinct molecular species in the solution. Upon du-
plex formation, sequence randomness causes a variety of duplex terminals, so that the inter-
pretation of the system behavior is non-trivial [1-2].

Here we report that DNA LC are also found in random sequences formed by only A/T and
C/G bases, corresponding to 2t distinct molecular species for L ranging from 6 to 16 nucleo-
tides. At fixed concentration, the phase diagrams show a clear hierarchy in the ISO-LC phase
transition temperatures: Tr-cc > Tr-aT >Tr-aTCG. All the different subsets exhibit better thermal
stability for larger L.

To explain the observations, we investigate the pairing statistics governing duplex for-
mation by adapting a model based on Boltzmann statistics [2] to all the considered systems.
This model is validated by UV-absorption experiments during thermal annealing of the du-
plexes. We find that R-ATCG and R-AT oligomers hybridize imperfectly, exhibiting a temper-
ature-dependent variety of duplex terminals. On the other hand, R-CG oligomers form error-
free duplexes with perfect terminals. Based on terminal quality statistics, we provide a ra-
tionale for end-to-end aggregation and LC ordering.

These findings strengthen the intimate connection between nucleic acids and LC, support-
ing the so-called nucleic-acid-first Origin of Life scenario in which LC ordering of random
oligomers acts as a catalyzer for chemical elongation [3]. Furthermore, this statistical ap-
proach can be broadly applied to describe other phenomena involving complex nucleic acid
systems, of interest in biological and biotechnological contexts.
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Abstract: Active liquid crystals and beyond: new symmetries in cancerous tissues

In this talk | will review some of our current efforts towards deciphering the organisation and dynamics
of aggressive tumours, such as gliomas and fibrosarcomas, by looking them under the lens of liquid
crystals physics. After reviewing a few fundamental concepts of active liquid crystals, | will discuss about
how the interplay between orientational and positional order - a hallmark property of confluent tissues -
demands going beyond the notion of p-fold symmetry (i.e. invariance by rotations of 2m1/p, with p an integer)
and account for the existence of multiple rotational symmetries coexisting in space, time or across length
scales.
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Abstract: We analyzed the behavior of ferroelectric droplets in the vicinity of pyroelectri-
cally charged ferroelectric crystals, in conditions of minimized surface pinning. The non-uni-
form fringing field surrounding the solid crystal gives rise to a force that acts on ferroelectric
droplets causing either their deformation or their motion, depending on the specific arrange-
ment. Under proper experimental conditions droplet’s deformation with respect to the dome
shape reaches 30% with electric fields of the order of 104 V/m and the original shape is
recovered when the pyroelectric charging is removed. Upon changing the sign of the thermal
gradient (cooling vs heating) droplets deform in the opposite direction. As for droplets motion,
we observe both paraelectric — i.e. droplet moving toward the electric field maximum - and
apoelectric — droplet moving away from the field maximum — behaviors, depending on the
sign of the pyroelectrically charged surface close to the ferroelectric droplet. Noteworthy, in
our experimental conditions ferroelectric droplets are not electrically charged, therefore their
motion cannot be ascribed to an electrophoretic effect.
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Abstract: Because of their spontaneous bulk polarization, ferroelectric nematic liquid
crystals can be easily brought by surface coupling or confinement in a condition in which the
accumulation of bound charges becomes incompatible with polar order, because the material
cannot self-sustain its depolarization field, creating frustration. This situation also occurs in
the simplest cells with parallel uncoated metal electrodes at low voltages, where we find that
the polarization charge accumulating on the electrodes is proportional to the applied voltage
for AV < Vsai, a threshold value independent of cell thickness. We show that below Vsat, frus-
tration drives the system into a regime of polarization plasticity, in which nematic ordering is
preserved and the nematic director remains perpendicular to the electrodes, while instead
the polarization is reduced to cancel the internal electric field. In this regime, the kinetics of
bound charge reversal becomes independent from AV . The observations are consistent with
a model in which the system splits into antipolar tubular domains of mesoscale diameter
extending from electrode to electrode, in which the polarization retains its unconstrained equi-
librium value, separated by pure polarization-reversal walls .
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Figure — Right panel: at high voltages the system exhibits a polar monodomain with spontaneous
polarization P at its maximum value. Left panel: for AV < Vs, the measured polarization P is low-
ered, proportional to AV, while the nematic order observed in polarized microscopy is preserved:
the combination of the experimental observations lead us to model this behaviour as due to the
breaking of the system in tubular domains with opposite polarity, in order to vanish the internal
electric field.



Investigating positional order in all-aromatic liquid crystals
Henry Adenusi', Matteo Lanciotti', Maruti Hegde?, Theo J. Dingemans?,

Edward T. Samulski?, Luca Muccioli®, Francesco Vita', and Oriano Francescangeli’

Dept. of Sci. and Eng. of Materials, Environment and Urban Planning, UNIVPM, Ancona, Italy
2Department of Applied Physical Sciences, University of North Carolina at Chapel Hill, USA
3Department of Industrial Chemistry, University of Bologna, Bologna, Italy

The nematic (N) phase is traditionally defined by the combination of long-range orienta-
tional order and liquid-like positional disorder. Although theoretical models have extensively
described orientational order, the role of short-range positional correlations has received
comparatively little attention. A significant exception is represented by the N phase of bent-
core mesogens (BCMs), for which several studies have demonstrated the presence of nano-
sized molecular layered aggregates, known as cybotactic groups. In BCMs, cybotaxis is be-
lieved to arises from the intrinsic bent molecular geometry, which naturally promotes local
layering.[1] Cybotactic order, however, has also been reported in calamitic mesogens, where
it is typically interpreted as a pretransitional phenomenon in nematics approaching a smectic
transition.[2]

To clarify the relationship between cybotaxis and molecular structure, we discuss the re-
sults of an extensive investigation performed on the high-temperature N phase of some linear
all-aromatic mesogens.[3-5] These molecules, which lack flexible alkyl chains and permanent
dipoles, emobody the idealized rigid rod-like mesogens underlying classical nematic theories.
Combining the results of synchrotron X-ray diffraction measurements with those obtained
from molecular dynamics simulations, we report an unexpectedly high degree of cybotactic
order. This finding is particularly striking given the absence of molecular features typically
associated with layering, either in terms of molecular shape (as in BCMs) or chemical seg-
mentation (such as aromatic—aliphatic separation). These results challenge conventional as-
sumptions about the origin of cybotaxis and suggest that short-range smectic-like ordering
may be a more universal characteristic of N phases than previously recognized, with signifi-
cant implications for the fundamental understanding of N order.

[1] Francescangeli, O. & Samulski, E. T. (2010) Insights into the cybotactic nematic phase of bent-core
molecules Soft Matter 6, 2413

[2] Vita, F.; Hedge, M.; Portale, G.; Bras W.; Ferrero, C.; Samulski , E. T.; Francescangeli, O. & Dingemans, T.
Molecular ordering in the high-temperature nematic phase of an all-aromatic liquid crystal (2016) Soft Matter,
12, 2309

[3] Olivier, Y.; Muccioli, L. & Zannoni, C. (2014) Quinquephenyl: The Simplest Rigid-Rod-Like Nematic Liquid
Crystal, or is it? An Atomistic Simulation ChemPhysChem 15, 1345

[4] Adenusi, H.; Muccioli, L.; Lanciotti, M.; Hegde, M.; Dingemans, T.; Samulski , E. T.; Vita, F. & Frances-
cangeli, O. (2025) Insights into the nanostructuring and phase behaviour of an all-aromatic prototypical nematic
liquid crystal PCCP 27, 15321

[5] Adenusi, H.; Muccioli, L.; Lanciotti, M.; Vita, F. & Francescangeli, O. (2026) System-Size Effects on the
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Figure — Right panel: Polarized optical image of the polymer dispersed and polymer stabilized liquid
crystal for structural nonlinearity. Cental panel: Scanning Electron Microscope image of the polymer
network of a polymer stabilized liquid crystal (PSLC) with enhanced Kerr-like nonlinearity. Right
panel: Scanning Electron Microscope image of the micro-patterned PSLC.

Abstract: Optical nonlinearity with its self-modulation and threshold phenomena enables
a wide variety of fundamental optical functions such as tuning and switching of the optical
properties. The search for all-optical computing and machine learning platforms requires ma-
terials with large nonlinearity activated at low power that can be integrated at the microscale.
In this presentation, | will discuss how polymer stabilized liquid crystals provide a low cost,
low power consumption, miniaturizable nonlinear functions based on the structural and Kerr-
like nonlinearity.

By exploiting the either reversible [1] and not reversible [2] re-arrangement of dye-doped
liquid crystals in polymer dispersed (and stabilized) liquid crystals under light reconfiguration,
we report the so-called structural nonlinearity (in which the output response depends nonlin-
early to the configuration pattern) thanks to an intrinsic phase encoding. While this mecha-
nism rely on weakly scattering systems, low-lossy nonlinear materials are demonstrated by
polymer stabilized liquid crystal characterized by a collective third order nonlinearity [3]. We
show how the optimization of the nonlinear response by a chemical approach allows for low
activation power and compatibility with UV lithography for micropatterning. Despite their long-
standing use, liquid crystals, in combination with lithographic techniques and the novel con-
cept of "linear optics nonlinearity," still reveal transformative potential in integrated photonics.
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Abstract: Thermotropic liquid crystals combine long-range molecular order with fluidity,
making them attractive for optoelectronic applications. A promising strategy is to integrate
Thermally Activated Delayed Fluorescence (TADF) to enhance emission efficiency and ena-
ble new functionalities in devices such as Organic Light-Emitting Diodes. In this work, carba-
zole-based derivatives were investigated due to their small singlet—triplet energy gap, which
promotes reverse intersystem crossing and TADF. Among them, a paradicyanobenzene con-
jugated to functionalized carbazole units (hereafter referred to as the C3B molecule) is par-
ticularly interesting because of its experimentally observed thermotropic transition to a co-
lumnar hexagonal phase in solution [1].

The computational workflow consisted of two main steps. First, the columnar hexagonal
phase of C3B was modelled using constrained molecular dynamics simulations employing a
united-atom force field developed for related systems [2]. Orientational, and positional order
were analyzed over trajectories of several hundred nanoseconds at different temperatures.
The results are consistent with experimental observations and confirm the thermotropic na-
ture of the material. Second, the excited-state properties of the liquid crystal phase were
investigated by TD-DFT calculations on representative molecular conformations extracted
from the simulations. The calculations were performed on both single molecular cores
(2CzTPN subunit [3,4]) and dimer arrangements to assess the effect of the supramolecular
assembly on key TADF-related properties, including singlet—triplet gaps, absorption spectra,
and the nature of the electronic excitations. In this context, a detailed analysis of local exci-
tation and charge-transfer character was performed.

Overall, this study demonstrates a multiscale computational approach to investigate TADF
emitters in liquid crystal phases, revealing that the system maintains its TADF properties even
in the columnar hexagonal phase, with relevant implications for optoelectronic applications.
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Figure — Manipulating material properties at the
microscale is crucial for 3D printing of smart mi-
crodevices. Two-photon lithography directly pat-
terns molecular alignment in liquid crystal resists.
The polymerization reaction wavefront along the
writing path induces an easy-axis for the meso-
genic moieties. This competes with the rubbing-
induced alignment to create a programmable di-
rector and optical axis fields, enabling tailored
functionalities.

Photopolymerizable liquid crystals are leading candidates for the additive manufacturing of
smart microdevices via two-photon lithography (TPL) [1]. Harnessing these materials has
enabled significant progress in fields such as soft microrobotics, microfluidics, micro-optics,
micro-photonics, analytical sensing, and anti-counterfeiting [2, 3]. However, the ability to tailor
complex optical and mechanical responses relies critically on achieving precise 3D control
over the molecular alignment, which remains a significant challenge.

We introduce the Director-Tuning Mode (DiTuM), a single-step, in situ approach to orient the
nematic director with sub-diffraction-limited resolution during the printing process [4]. This
method utilizes the standard TPL workflow and circumvents the need for external driving
fields, specialized surface treatments, or 3D microscaffolding. DiTuM relies on optimizing
printing parameters, specifically employing low laser scan speeds to trigger an anisotropic
photopolymerization reaction. This methodology advances 4D printing and offers a robust
platform for anti-counterfeiting. We propose security microtags featuring intricate polarized
optical signatures that are decoupled from the CAD geometry. Instead, the optical response
is encoded through undisclosed printing parameters (laser power and scan speed), making
these microstructures unique and virtually impossible to replicate.
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Abstract: Nanostructured metalenses have been engineered to generate a wide range
of optical phenomena, allowing an unprecedented control over the propagation of light.
However, they are generally designed as single-purpose devices without a modifiable optical
response, which can be a barrier to applications. In this work, we report the nontrivial
infiltration of a nanostructured planar silica metalens with nematic liquid crystals [1]. LCs are
particularly useful because they can be manipulated thermally, electrically, magnetically, or
optically, which creates the potential for flexible or reconfigurable lenses. We present and
discuss the all-optical reconfigurability of metalens optical response as a consequence of
thermo-plasmonic induced changes of the local refractive index. Since the orientation-
dependent optical properties of liquid crystals can be controlled with external stimuli, this
technology can enable dynamic control of the metalens optical response.
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Abstract: Many biological systems of cells and cytoskeletal elements can form a nemat-
ic phase, where elongated constituents align parallel to each other, inducing partial orienta-
tional order similar to that observed in nematic liquid crystals. Topological defects (TDs) in
the nematic order are singularities in the director field; they are fairly common and classified
by their topological charge. Defects can act as organizing centers in morphogenesis, en-
abling organisms to grow persistent protrusions or deplete material to relieve stress. In Hy-
dra's ectoderm, for example, TDs align with morphological features: a defect of charge +1 is
localized at the tentacle's tip, and two -1/2 defects reside at its base. Moreover, +1/2 de-
fects are found only in regenerating spheroids and they are absent in mature hydra.

Given the key role played by TDs in shaping morphologies in nature, this talk investi-
gates how the activation of nematic order on a closed surface can induce deformations that
are shaped by topologically required defects. We then study the effects of lowering the
temperature in what we define as a nematic bubble, namely a deformable, quasi-spherical
surface endowed with tangential nematic order. At sufficiently high temperatures, there is no
in-plane preferred direction, and the equilibrium shape is spherical. Upon cooling below the
isotropic-nematic transition temperature, the bubble’s spherical symmetry is broken, giving
rise to a diverse range of possible equilibrium morphologies.
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Figure — Liquid crystalline network (LCN)
microparticles are prepared from single,
double (Janus), and triple emulsions
through a simple and scalable bulk-emul-
sification strategy. Under heating the par-
ticles exhibit robust, reversible, large-am-
plitude deformations that depends both
on the morphology and the liquid crystals
director field configuration. These re-
sponses are exploited to realize adaptive
microlenses with thermally tunable focal
plane and magnification.

Abstract:

Complex multiphase emulsions containing liquid crystals (LCs) offer precise morpholocal
control and dynamic tunability, enabling applications in optics, sensing, and soft matter. Here,
we report a simple and scalable bulk-emulsification strategy that circumvents the reliance on
microfluidic fabrication to produce liquid crystalline network (LCN) microparticles spanning
single, double (Janus), and triple emulsion morphologies within a genuinely colloidal size
regime (10—-20um). By adjusting crosslinking density and interfacial conditions, we program
the LC alignment within the droplets, thereby dictating the mode and direction of actuation
after photopolymerization. Across all morphologies, the particles exhibit robust, reversible,
large-amplitude deformations under heating, as well as chemoresponsivity through aniso-
tropic swelling in organic solvents. In addition, the Janus particles exhibit gravitational self-
orientation, while the triple LC emulsions retain their multi phase architecture and display
tunable geometries. As a proof of concept, these responsive behaviors are exploited to real-
ize adaptive microlenses with thermally tunable focal plane and magnification, establishing
complex LC emulsions as a scalable platform for multifunctional microactuators. [1]

References: [1] Turriani, M.; Parmeggiani, C.; Martella, D. & Concellon, A. (2026) Shape-Changing Multi-
phase Microparticles from Complex Liquid Crystal Emulsions. Adv. Funct. Mater. 0:e32069
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Abstract: The current socio-economic context is characterised by significant environmen-
tal challenges and by critical issues related to the availability and costs of strategic chemical
substances. This factor necessitates merging the development of new optical devices with
new, more sustainable fabrication approaches suited for large-scale production. To this end,
we realized two tunable optical components by integrating a liquid crystal (LC) layer with a
metasurface (MS) fabricated via a bottom-up approach. The plasmonic MS, realized by a
chemical-physical approach, consists of a dielectric layer of organic polymers, sandwiched
between a gold layer (50 nm in thickness) and an array of randomly oriented silver
nanocubes. This architecture gives rise to an absorption deep centered at 764 nm. The inte-
gration of the MS with a planarly aligned layer of a nematic LC (NLC), enables the realisation
of an optical absorber (OA)[1] operating in the near-infrared (NIR) range, while the selection
of a cholesteric LC (CLC) as an active layer, produces a dynamic colour filter (DCF)[2]. The
two devices exhibit optical dynamic tunability essentially due to the transition from a nematic
or cholesteric phase to an isotropic phase. Tunability is achieved by exploiting the MS's ex-
cellent photothermal properties under NIR laser irradiation. In the case of the OA, the light
stimulus allows tuning the wavelength of the MS absorption deep as a function of the laser
power density. As a result, the continuous nematic-to-isotropic transition shifts the MS ab-
sorption peak by 46 nm. In the case of DCF, due to the unique properties of the CLC, the
NIR stimulus at a power density of 5.8 W/cm? allows for reversibly and dynamically modulat-
ing the wavelength and width of the Bragg reflection band (BRB), as a function of irradiation
time in an operational range of 80 nm and 60 nm, respectively. In particular, depending on
the temperature achieved during the irradiation step, it is possible to tune the average refrac-
tive index or the pitch, resulting in a blue shift or a red shift of the BRB, respectively. Remark-
ably, while the OA only operates in the NIR range of the electromagnetic spectrum, the DCF
exhibits tunable optical properties both in the visible and in the NIR ranges, due to the unique
combination of the MS and the CLC properties. Our approach boosts a new generation of
optical components that integrate functionality, reversibility, and, more importantly, on-de-
mand control of optical properties.
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Abstract: A new generation of solar cells has been developed that exploits the optical
properties of innovative hybrid plasmonic nanoparticles.” These photovoltaic (PV) cells are
being developed to power liquid crystal devices.

The fabrication involves depositing a hybrid heterostructure comprising silver nanocubes
(AgNCs) surrounded by gold nanorods (AuNRs) in a hierarchical configuration (Ag@Au).
These complex heterostructures (Ag@Au) act as broadband sensitizers, enablinglight ab-
sorption in the visible and near-infrared ranges and efficient photoelectric conversion under
broadband light sources such as white light and solar light.

This work compares three different heterostructure deposition techniques on a TiO2-
coated indium tin oxide (ITO) counter electrode to maximize the cell's photovoltaic perfor-
mance. The photoactive layer was characterized by optical, spectroscopic, and photothermal
analyses; the photoelectric response was evaluated under both white light and solar irradia-
tion.

As a proof-of-concept, the optimized plasmonic solar cells are used to activate liquid crys-
tal-based components with natural sunlight.
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Abstract: This work investigates an integrated nanophotonic platform designed to manip-
ulate the optical response of a nematic liquid crystal (NLC) layer embedding ordered gold
nanorods (Au-NRs). The technology leverages the role of NLCs as nano-actuators: the ap-
plication of an external voltage triggers the Fréedericksz transition, reorienting the LC molec-
ular director and, consequently, the long axis of the dispersed Au-NRs.

The device is conceived as a slab optical waveguide where the guiding core consists of a
colloidal suspension of Au-NRs in NLC 5CB. This controlled alignment allows for the selective
excitation of either transverse (LSPR-t) or longitudinal (LSPR-I) localized surface plasmon
resonances by interacting with the linearly polarized fundamental mode propagating through
the waveguide.

Numerical models based on the Finite Element Method (FEM) using Comsol Multiphysics
confirm the ability to switch between plasmonic absorption peaks. For nanorods measuring
52 nm in length and 15 nm in diameter, results demonstrate clear spectral modulation in the
IR range. Integrating this structure with PDMS microfluidic channels offers innovative pro-
spects for developing biological sensors and active photonic components, such as tunable
filters and absorbers.
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