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Num | Code

1 PHO5 Charles Patterson Circular dichroism in helicene chiral molecules

2 SMO02 Stephen Dooley Molecular Thermodynamics of Xylopyranose Structural
Motifs by Density Functional Theory

3 TO01 Felix Binder Structure and visualisation of quantum instruments in -
nite dimensions

4 T02 Felix Binder Local thermality from global athermality

5 T03 Alessandro Lunghi  E ective Hamiltonian theories for spin-phonon interac-
tions

6 T04 Alessandro Lunghi  Learning the properties of quantum memories with equiv-
ariant graph neural networks

7 TO7 David O’Regan To what extent does the quantum piece-wise linearity con-
dition apply to subspaces?

8 T08 David O’Regan Exploring novel magnetism-related systemic errors in
quantum simulations

9 T09 David O’Regan Accurate modelling of diamond structure semiconductor
band gaps

10 T11 Mauro Ferreira Crystalline and amorphous structures in classical 2D sys-
tems: a theory perspective

11 T13 Paul Eastham Electron motion in molecular semiconductors: quantum
or classical or both?

12 T14] Paul Eastham Synchronization in quantum spin chains

13 T15 Charles Patterson Learning to Solve Physical Problems using High Perfor-
mance Computing Methods

14 T16 Ortwin Hess Theory and Simulation of Quantum Materials for Elec-
troencephalography (EEG) Modelling on Flexible Sub-
strates

15 T22| | Cormac McGuinness Electronic structure of novel bi-metal-porphyrin 2D
nanonetworks

16 T23| | Cormac McGuinness X-ray spectroscopic simulations of one-dimensional novel
1D porphyrin nanotapes

17 T24] Stefano Sanvito Machine-learning the non-local non-interacting kinetic en-
ergy density

18 T27 John Donegan Optical Magnetic Response and the Brewster Angle

19 T28 Mauro Ferreira Sculpting the Physical properties of complex media: a
multi-scale approach to material design

20 T29 Charles Patterson Rydberg excited states and ionization thresholds of atoms
and molecules

21 T30 Neale Gibson Atmospheres of alien worlds: developing new models for
exoplanet atmospheres

22 T31 Stefan Hutzler Using statistical methods from econophysics to analyze
bubble motion in a two-dimensional foam




PHO05

Circular dichroism in helicene chiral molecules

Supervisor: Prof. Charles Patterson (Charles.Patterson@tcd.ie)

Circular dichroism (CD) is a property of matter in which optical properties depend on the handedness
of circularly polarised light incident on the material. For non-zero CD properties to exist, the material
concerned must be chiral. That is, the material must be left- or right-handed. Many naturally
occurring organic molecules exist as pairs of enantiomers, with the left-handed enantiomer usually
predominating in nature.

Helicenes are chiral acene molecules in which a sequence of fused benzene rings are arranged in a
nearly full circle. Steric repulsion effects between the ends of these molecules mean that the
molecular structure is a short helix, with an inherent handedness. Recent work at Imperial College
London has (which featured in a recent School Seminar by Prof. Jessica Wade) demonstrated that
addition of helicenes to poly-fluorene results in circularly polarised luminescence by an organic light
emitting diode (OLED).

In this project you will calculate the CD spectrum of helicene molecules using time-dependent
density functional theory with the aim of understanding how CD arises in helicene molecules. Which
guantum states are involved in CD and what are the strengths of optical transitions which result in
CD? This project will afford you the opportunity to learn about molecular quantum mechanics and
computational physics.

Aza-helicene crystal structure

Highly Efficient Inverted Circularly Polarized Organic Light-Emitting Diodes, L. Wan, J. Wade, X. Shi, S.
Xu, M. J. Fuchter and A. J. Campbell, ACS Appl. Mater. Interfaces, 12, 39471 (2020).
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