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An exciton is an atomic hydrogen-like quasi-particle, consisting of a Coulombically
bound pair of an electron and a hole in conduction and valence bands, respectively. While
excitons are traditionally investigated by optical spectroscopies, photoelectron
spectroscopy can be a powerful tool in providing a unique view on the energetics and
dynamics of excitons in semiconductor materials. The experiment typically relies on
time-resolved two-photon photoemission (TR-2PPE) spectroscopy in which the first laser
pulse creates excitons in a material and the second laser pulse ionizes the excitons for
detection. In this short note, | discuss unique insights provided by TR-2PPE on exciton

dynamics in organic semiconductors and challenges in the application of this technique.

Ultraviolet photo-emission spectroscopy (UPS), also known as angle-resolved photoemission
spectroscopy, has been the workhorse in experimental determination of electronic structures,
namely valence bands, of solid materials. A complementary, albeit less capable, technique is
inverse photoemission spectroscopy for the conduction bands. Both techniques probe transport
levels, i.e., a system with an excess hole in the valence band or an excess electron in the
conduction band. However, in many physical processes involving light-matter interaction,
particularly in optoelectronic devices, we are interested in not only single particle electronic
states but also quasi-particles, namely, excitons. Here | briefly describe the application of time-
resolved two-photon photoemission (TR-2PPE) spectrostopyto probe excitons in
semiconductors, with an emphasis on organic semicondy¢tors.

Across band-gap optical excitation in a semiconductor does not lead to a free electron and a
free hole when the Coulomb attraction energy is higher than thermal energy. Instead, a bound
electron-hole pair called an exciton is formed. In the limit of weak Coulomb interaction, the
Mott-Wannier picture is appropriate in describing an exciton in a semiconducfoMott-

Wannier exciton consists of a nearly free electron in the conduction interacting with a nearly free
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