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Pressure-induced structural changes and their impact on the properties of alkyl-substituted perylene diimides
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Perylene diimides (PDIs) represent a prominent class of organic materials that have recently garnered significant attention due to their high electron mobility, strong light absorption, exceptional stability, and facile chemical modification [1]. These properties have established them as leading electron-accepting materials, enabling their use in electronic devices such as organic field-effect transistors (OFETs) and organic photovoltaics (OPVs) [2]. However, for the successful commercialization of PDIs in such applications, a detailed understanding of their structure-properties relationships is essential. High-pressure single-crystal diffraction, combined with spectroscopic techniques, offer a powerful approach to elucidate these relationships, as even subtle molecular changes (e.g., in molecular conformation, bond lengths, or angles between atoms) can significantly impact their optoelectronic performance [3].
Here, we present a study on the pressure-induced changes in the structure and optical properties of a series of four PDIs with alkyl substituents of varying lengths at the imide positions (PDI-Cn, n = 5–8, Fig.1). By employing synchrotron and in-lab X-ray diffraction, UV-Vis and photoluminescence spectroscopy, supported by theoretical calculations, we systematically analysed the structural changes and correlated them with the absorption and emission characteristics of these four PDI compounds. The packing interactions of these PDIs, dominated by π-stacking and weak C-H···O bonds, resulted in strikingly similar crystal structures, all adopting triclinic P symmetry. Pressure-induced structural transformations of PDI-Cn were mainly attributed to deformations within the alkyl chains, influencing the intermolecular interactions, crystal packing, and consequently the optoelectronic properties. Our findings provide valuable insights into the response of this important class of organic semiconductors under extreme conditions and suggest pathways for tailoring their optoelectronic properties through controlled structural modifications.
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Figure 1. Molecular structures of the investigated PDIs N-substituted as indicated and abbreviated: PDI-C5 (a), -C6 (b), -C7 (c), and -C8 (d).
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