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Molecular organic semiconductors are stable and easily processed, making them excellent
materials for some advanced optoelectronic devices and display technologies, but their range of
scope is limited by their low electrical mobility. The THz frequency vibrational modes of
crystalline molecular organic semiconductors have been suggested to critically limit their
mobility [1]: with low enough energy to be highly active at room temperature, these
intermolecular vibrational modes can modify the overlap of electronic states from molecule to
molecule, changing the ease with which electrons flow through the crystal. Linear THz
spectroscopy, with low electric field strengths, can struggle to distinguish the many vibrational
modes in the complex spectra of molecular organic semiconductors.

In this project, the student will therefore develop a new experimental capability: a multi-
dimensional coherent THz spectrometer, which they will use to investigate the vibrational and
conductive properties of organic semiconductors. Multi-dimensional nonlinear spectroscopy
methods are well-known in the visible and infrared wavelength ranges [2,3] and are analogous to
established 2D NMR methods. In the simplest schemes, a sequence of pulses initialise and then
probe quantum coherent states, creating 2D spectrograms that contain information about
coupling between modes, and about dynamic changes in electronic and atomic structure.
Although nonlinear spectroscopy provides a wealth of useful information beyond that of linear
spectroscopy, and experimental techniques are well established in the visible and infrared ranges
[2,3], multi-dimensional spectroscopy in the THz range is in its infancy [4].

In this project, the student will build a new multi-dimensional THz spectrometer (MDTS)
capable of examining the nonlinear optical properties of materials at THz frequencies via 2 pulse
and 3 pulse schemes. This will build on experience and advances in the research group and
WCUS RTP [5] in generating and detecting intense (MV/cm) THz pulses, and in quantum
coherent vibrational processes [6]. The student will then use MDTS to probe how different
vibrational modes are coupled in organic semiconductors, examine their anharmonicity, and
investigate electron-phonon coupling. The fundamental insights gained into the structure and
dynamics of organic semiconductors will enable the development of the next generation of
materials, with higher mobility. The student will gain excellent training in cutting-edge
experimental methods, and be part of an international collaboration with industrial and academic
partners.
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