High-harmonic generation in liquid crystals using a temperature-controlled flat jet device: Probing mesophase transitions and local order
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ABSTRACT
In this work, we report high harmonic generation spectroscopy experiments on thermotropic liquid crystals (LCs) using a custom-built recirculating flat jet device, specifically engineered for these complex soft-matter systems.1 LCs are distinguished from conventional liquids by their anisotropic molecular organization, which manifests in multiple mesophases characterized by a different extent of orientational and positional order. In the nematic phase, molecules are oriented along a common director but remain positionally disordered, while smectic phases exhibit the same orientational alignment together with positional order in the form of molecular layering. Despite this defined molecular arrangement, LCs flow like liquids, enabling their use in flat jet geometries. The intrinsic hierarchy of order necessitates dedicated temperature control beyond that of standard liquid jet systems, which we explicitly implement to ensure mesophase stability under experimental conditions.
Using high harmonic generation (HHG) as a optical probe, we observe distinct signatures for different mesophases, with the harmonic response reflecting subtle changes in local orientational and positional order. Remarkably, these HHG signatures are highly sensitive to sub-degree variations in temperature and exhibit harmonic-order-dependent contrasts, highlighting the ability of HHG to resolve emergent local order within the condensed phase. Furthermore, intermolecular interactions, including the formation of transient anti parallel dimers, imprint characteristic angular emission patterns, providing insights into collective electronic correlations.
Our results demonstrate that HHG in liquid crystals can serve as a sensitive probe of mesoscopic order and emergent structural dynamics, while the recirculating flat-jet platform establishes a versatile foundation for future experiments in XUV and attosecond spectroscopy. Ongoing technical developments aim to adapt the system for vacuum-compatible operation and thinner sample layers, broadening its applicability to a wide range of soft-matter and liquid-phase techniques.
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