Phonons and Thermal Transport
NAWI . . .
Graz In Organic Semiconductors

‘ TU Lukas Reicht’, Lukas Legensteinl, Tomas Kamencekl’z, Sandro Wieser?!, Robbin Steentjes?,

- 1
Egbert Zojer
Graz 1 Institute of Solid State Physics, NAWI Graz, Graz University of Technology, Petersgasse 16, 8010 Graz, Austria
2 Institute of Physical and Theoretical Chemistry, NAWI Graz, Graz University of Technology, Stremayrgasse 9, 8010 Graz, Austria

Keywords: Phonons, Organic Semiconductors, Thermal Transport, Density Functional Theory, Lattice Dynamics

Motivation Phonon Band Structures

Organic semiconductors have a multitude of applications: OLED displays, f 20.0

transistors, organic solar cells and thermoelectric devices. However, still little is 17.5-1< e Polyfuran = oo
known about how one can tune their thermal properties, like their thermal . -0 —j500 £
conductivity. '
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* Further Goals:
= |mproving the state-of-the-art methodology by benchmarking different
methods against each other. What is the best method to reliably calculate
phonon band structures and phonon lifetimes?
= After successfully calculating phonons, thermal properties like the heat
capacity can be calculated relatively easily.
* The goals will be reached by investigating materials with increasing

. . . . ]
complexity. First Polymers, then more complex organic semiconductors. E e Polyselenophene |
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Validation by Experiment: Raman Spectra
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Wavenumber / cm-1 « With an increase in mass of a ring (including side chains), group velocities of

the longitudinal acoustic band decrease. We found that near the Gamma point,

The simulated Raman spectrum of the FD44 crystal is compared to the they follow the trend one would expect from a 1D monoatomic chain
experiment performed at the University of Cambridge [1]. The low frequency

region, that is shown here, is dominated by intermolecular modes. The lower bar lim v, ~ 1
shows the wave number of all I'-phonon modes, including the Raman active and k=0 VM
Inactive ones. Note that in experiment there is strong noise for very low wave
numbers, therefore this region was cut out of the plot.

The used methodology allows us to correctly predict phonon frequencies, as

was extensively shown by our group in the past [2, 3].

Methodology

Two ways of calculating Phonons were employed so far:
1. Phonons have been mainly calculated by employing the finite differences

.. approach as implemented in Phonopy [4]. VASP [5] and FHI Aims [6] have

Thermal Condu CtIVIty been used as Density Functional Theory (DFT) codes.
2. Density Functional Perturbation Theory (DFPT) as implemented in Quantum
Espresso [7/] has been tested.

The DFT functional of choice is PBE, since it is still applicable to relatively large
systems.

2 The choice of the vdW-correction is crucial. Our group showed for the low
Group Mode heat |[Phonon frequency phonons of Naphthalene [2] and C4,-OBTBT-C, [3], that the D3
velocities capacity lifetime correction by Grimme [8] (implemented in VASP) as well as the MBD-NL

/ correction [9] (implemented in FHI Aims) give excellent agreement to experiment.
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band structure of states scattering

« The thermal conductivity k will be calculated via the Boltzmann transport
equation within the relaxation-time approximation:
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