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Preface

This ebook originated in a series of lectures on the electronic structure of organic
semiconductors prepared for a training European network in the field of organic
solar cells and expanded for the use of researchers of the Organic Electronics Group
at IT/Lisbon. It was written from the perspective of an experimental chemist and
intends to put together some fundamentals from chemistry, solid state physics and
quantum chemistry, to help understand and predict the electronic and optical
properties of organic semiconductors, polymers and small molecules. The text is
intended to assist graduate students and researchers of different backgrounds to use
theory to design more efficient materials for organic electronic devices, such as
organic solar cells, light emitting diodes, field effect transistors and sensors. After
addressing some basic topics in solid state physics, a comprehensive introduction to
molecular orbitals and band theory leads to a description of computational methods
based on Hartree–Fock and density functional theory, for predicting geometry
conformations, frontier levels and energy band structures. Topological defects and
transport and optical properties are then addressed, and one of the most commonly
used transparent conducting polymers, PEDOT:PSS, is described in some detail as a
case study.

Luís Alcácer
August 2018
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Fundamental constants

Constant Symbol Value Units

Velocity of light in vacuum c 299 792 458 m s−1

Planck’s constant h × −6.626 070 040 10 34 J s
πℏ = h/2 ℏ × −1.054 571 800 10 34 J s

Elementary charge e × −1.602 176 6208 10 19 C
Vacuum permittivity ε0 ⋯× −8.854 187 817 10 12 F m−1

Electron mass me × −9.109 383 56 10 31 kg
Proton mass mp × −1.672 621 898 10 27 kg
Boltzmann’s constant k × −1.380 648 52 10 23 J K−1

× −8.617 3303 10 5 eV K−1

Avogadro number NA ×6.022 140 857 1023 mol−1

Bohr radius, = πε ℏ
a

e
0

0
2

2m e

4 a0 × −0.529 177 210 67 10 10 m

eV1 × −1.602 176 6208 10 19 J

Note: The values in the table are those recommended by CODATA 2014 (CODATA is the acronym of
‘Committee on Data for Science and Technology’). See http://physics.nist.gov/cuu/Constants/index.html.
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Greek alphabet

A α Alpha N ν Nu
B β Beta Ξ ξ Xi
Γ γ Gamma O o Omicron
Δ δ Delta Π π Pi
E ϵ Epsilon P ρ Rho
Z ζ Zeta ∑ σ Sigma

H η Eta T τ Tau
Θ θ Theta ϒ υ Upsilon
I ι Iota Φ ϕ Phi
K κ Kappa X χ Chi
Λ λ Lambda Ψ ψ Psi
M μ Mu Ω ω Omega
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