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The Optics of Soft Matter group (https://simau.univpm.it/optics-of-soft-matter/) is currently composed of
Prof. Liana Lucchetti (group leader), Dr. Raouf Barboza (researcher), Stefano Marni (former PhD
student), Lorenzo Fiorentini (graduate student) and several master students. The research topics are mainly
related to optics and nonlinear optics of liquid crystalline materials.

The group developed a novel strategy to characterize the viscoelasiticity of DNA-based liquid crystals and
was among the first to combine liquid crystals with lithium niobate ferroelectric crystals both in
conventional cells and in optofluidic configuration.

The group is a worldwide recognized pioneer in the characterization of the novel ferroelectric nematic
phase. Remarkably, the first two Italian papers published on this topic (10.1039/d1sm00734c and
10.1073/pnas.2207858119) are based on its research work.
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Structure in which the confluence of different expertises yield high-level teaching and high-
profile international research in the field of Science of Matter and Earth Sciences with a special
focus toward the Environment.

It operates within the Engineering Faculty offering teachers specialised in the so-called «hard
sciences» (Chemistry and Physics) as well as theachers involved in more «applicative» fields,
such as Materials Engineering, Geotechnics, Geology, Environmental Engineering and Urban
Planning.

= TECHNICAL ARCHITECTURE

= APPLIED GEOLOGY AND HYDROGEOLOGY

= ENVIRONMENTAL CHEMICAL ENGINEERING
= GEOTECHNICAL ENGINEERING

Microplastics Cells Polymers
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= CHEMISTRY (ORGANIC)
= MATERIALS SCIENCE AND TECHNOLOGY
= EXPERIMENTAL PHYSICS
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Characterization and control of the polar coupling to electric fields in the novel
ferroelectric nematic liquid crystal phase

The recent discovery of the ferroelectric nematic liquid crystal phase! (NF) opened a new field of
research with a highly competitive and dynamic international research environment. Indeed, this
new liquid crystalline phase exhibits a peculiar combination of fluidity and polar coupling to
electric fields and is rapidly becoming the focus of the liquid crystals and soft material scientific
communities>!4. The proposal focusses on a crucial consequence of such a combination: the
readiness by which NF can displace polarization charges at the interfaces by small collective
rotations of the mean molecular axis. This extreme electric responsivity, that we called fluid
superscreening’, leads to the cancellation of the electric fields inside the material, a condition
reminiscent of the electric properties of conductors, but made more complex by the possible
formation of bulk polarization charges due to divergences of the polarization field. Our first
experiments related to the response of NF to electric fields in confinement and in combination
with active ferroelectric surfaces revealed a variety of unprecedented behaviors, such as the
explosion of sessile droplets'®!! and the guiding of electric fields along winding paths®, all
related to fluid superscreening. Starting from these observations, we are planning to explore and
understand the wide phenomenology related to the coupling of fluidity, polarization and electric
fields in two specific conditions: when NF is in contact with ferroelectric photoresponsive solids
and when it 1s combined with a polymer matrix to form ferroelectric nano Polymer Dispersed
Liquid Crystals (nPDLC).
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The proposed experiments have the potential of unveiling a host of new phenomena, such as the coupling
of the polarizations of fluid and crystalline ferroelectric materials at their interface and the formation of
superparaelectric NF nanodroplets.

The Optics of Soft Matter group has access to a wide range of instrumental and technical facilities
relevant to the project. These include tools for the optical, electrical and structural characterization of
liquid crystalline materials and of their response to external electric and optical fields.

Polarizing transmission optical microscopy equipped with a CCD camera with high frame rate, and
occasionally confocal microscopy and scanning electron microscopy, will be used for ferroelectric fluids
characterization in the different geometries investigated in the project. The static and kinetic behavior of
ferroelectric sessile droplets on ferroelectric substrates, will be investigated with custom made optical
set-ups enabling a variety of illumination, polarization and detection schemes at different temperatures.
An optical tweezer-like set up will also be used for the study of the NF droplets shape and stability during
light irradiation of the substrate.
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