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High-Performance Simulations of the Diffusion Characteristics
of a Pentacene Derivative on Gold Surfaces

Introduction

Organic semiconducting molecules show
increasing promise for providing a relatively
low-cost, easy to manufacture, and
tallorable option for applications such as
high-temperature photovoltaic devices.

5 6,7-trithiapentacene-13-one (TTPO) Is an
Interesting and unique new semiconducting
molecule that possesses attractive qualities
for photovoltaic devices, such as thermal
stability at temperatures up to 450°C, ease
of preparation, solubility in organic solvents,
high charge-carrier mobility, and more [1].

With top-down visualization methods such
as scanning-tunneling microscopy (STM)
providing limited resolution of atomic
behavior, molecular dynamics (MD)
simulations are needed to get more detailed

profile of molecular traits.

TTPO on Gold Surfaces

TTPO's ground-state angular assembly on
close-packed Au(111) is unique from other
pentacene derivatives. This allows tight
packing of molecules, favorable for
molecular chain growth.
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TTPO diffuses on flat, pristine Au(111) and
Au(788) terraces, making the self-assembly
initiation process unfavorable [2].

Four consecutive STM images showing the
Instability of TTPO molecules that are not in a
chain

DFT-Based Calculations in Quantum Espresso (QE)[3]

Quantum mechanical MD simulations are
most accurate, but expensive
computationally.

QE was used as a basis for verification that
classical MD simulations were well-
parameterized.

DFT-Based Relax Classical MD
In addition to close-packed, single layer
Au(l1l1) above, DFT results[2] were also
compared at Au(788) step edges
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Classical
Classical Simulation in LAMMPS[4]

QE

The system evolves according to the
Hamiltonian
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All pairwise interactions are Lennard-jones
except gold-gold, which follows the
Embedded Atom Model, and gold-sulfur,
gold-hydrogen, and gold-carbon, which
adhere to a Morse potential:
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The partial charges for the Coulombic
potential were assighed based on the DFT
NBO population analysis performed in [5].
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Results

Partially-covered flat Au(111) terraces and —>

Au(788) were thermalized at various
temperatures to analyze diffusion
properties.

An activation energy for diffusion for TTPO
on gold was calculated from the Arrhenius

Equation.
Arrhenius Plot, Flat Terrace (Diffusion Barrier
0.134 eV)
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Flat Terrace

Conclusions

Molecular dynamics simulations in the DFT
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and classical frameworks were used to
1 model TTPO on Au surfaces.

While molecules become correlated through
1 Intermolecular attraction on smooth terraces
| (forming disorganized and mobile clusters),
Au(788) steps offer more stability and
organization for molecular chains to form

- and stay localized.
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1/kT
Systems become more correlated with or
without step defects, but chains are far more
stable at step edges, and align in ordered
rows, whereas pristine surfaces and point

defects cause clustered groups of molecules.
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3 ! _ ' Radial Distribution Function
25T t=1.25 ns \ Au(788), 300K (Angstroms)
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60 The energy barrier needed for diffusion on a
gold terrace was calculated to be 0.134 eV
from analyzing the Arrhenius Plot formed by
the diffusion coefficients at various
temperatures up to near the thermal
breakdown temperature.
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