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ORGANIC ELECTRONIC DEVICES

• Thermal stability

• Packing

• Molecular orientation

• Thermal stability

• Packing
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Glassy organic thin films (∼ 20 - 100 nm)

Customisable



PHYSICAL VAPOUR DEPOSITION

INTRODUCTION
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SUBSTRATE

MATERIAL



➢ Deposit ultrastable glasses

J.Ràfols-Ribé, Organic Vapour Deposited Glasses: From Fundamental Thermal 
Properties to High Performance Organic Light-Emitting Diodes, UAB (2017)

Proc. Natl. Acad. Sci. USA 112, 4227 (2015)

➢ Create a preferential orientation

PHYSICAL VAPOUR DEPOSITION

INTRODUCTION

Properties controlled by substrate temperature
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➢ Create a preferential orientation
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This molecules 
have an electric 
dipole moment

This molecules 
have an electric 
dipole moment

ELECTRIC
FIELD



Tg=354 K
μ = 4.01 D

Tg=333 K
μ = 1.52 D

ORGANIC SEMICONDUCTINGC MOLECULES

INTRODUCTION

TPD

TPD-Br1
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μ = 2.84D

TPD-Br2
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μ DFT Calculations by Antonio Cappai
Tg experimentally determined 
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NO RESPONSE TO ELECTRIC FIELD

EXPERIMENTAL RESULTS

THERMAL STABILITY STRUCTURAL PROPERTIES CARRIER MOBILITY

105 V/m 105 V/m 106 V/m
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No electric field

Electric field

Results for pristine TPD



SIMULATION CONDITIONS

MOLECULAR DYNAMICS
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Bonded part Non-bonded part

LAMMPS software Amber force field

DFT parameters



SIMULATION CONDITIONS

MOLECULAR DYNAMICS

LAMMPS software Amber force field

DFT parameters
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Much higher electric fields! 109 V/m

Results for TPD-Br2



SIMULATION CONDITIONS

MOLECULAR DYNAMICS

LAMMPS software Amber force field

DFT parameters
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Much higher electric fields!

Access to the behaviour of every single molecule

109 V/m

Dipole moment orientation

Results for TPD-Br2



SINGLE MOLECULE – DYNAMICS 

MOLECULAR DYNAMICS 
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30K, 1·109 V/m 300K, 1·109 V/m

Results for TPD-Br2



SINGLE MOLECULE – DYNAMICS 

MOLECULAR DYNAMICS 
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Orientation at the surface Orientation at the surface 

Results for TPD-Br2



GLASS DEPOSITION

MOLECULAR DYNAMICS 



GLASS DEPOSITION – dipole moment

MOLECULAR DYNAMICS 
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Results for TPD-Br2



GLASS DEPOSITION - Sz

MOLECULAR DYNAMICS 

TPDs have TDM along long axis More horizontally oriented = Sz more negative

𝑆𝑍 =
3 · (cos 𝜃)2 − 1

2
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Results for TPD-Br2
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GLASS DEPOSITION

MOLECULAR DYNAMICS 

• TPD-Br substrate

• 20 x 15 molecules (28512 atoms)

• 𝑬 = 𝟎, 𝟎, 𝟏𝟎𝟗  V/m

• Thermal procedure to mimic high mobility at Surface

• ts=0,5 fs
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