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ABSTRACT: Chiral materials have shown tremendous potential
for many technological applications, such as optoelectronics,
sensing, magnetism, information technology, and imaging.
Characterization of these materials is mostly based on chiroptical
spectroscopies, such as electronic circular dichroism (ECD) and
circularly polarized luminescence (CPL). These experimental
measurements would greatly benefit from theoretical simulations
for interpretation of the spectra as well as predictions on new
materials. While ECD and CPL simulations are well established for
molecular systems, they are not for materials. In this Perspective,
we describe the theoretical quantities necessary to simulate ECD
and CPL spectra in oriented systems. Then, we discuss the
approximate strategies currently used to perform these calcu-
lations, what computational machinery is already available to develop more general approaches, and some of the open challenges for
the simulation of ECD and CPL spectra in solid materials. When methods that are as reliable and computationally efficient as those
for molecules are developed, these simulations will provide invaluable insight and guidance for the rational design of optically active
materials.

1. INTRODUCTION
Molecular and supramolecular chirality have always played an
important role in chemistry, as life has developed around
building blocks of specific handedness (L-amino acids and D-
sugars), a phenomenon known as homochirality. This has
enormous implications, for instance, in drug design, as only one
enantiomer of a particular compound will have the desired
pharmacological effect. However, in recent years supramolecular
chirality has shown tremendous potential for other technological
applications, like optoelectronics, sensing, magnetism, informa-
tion technology, and imaging.1−11 These applications typically
require chromophoric groups that can easily absorb and emit
light and move energy or charge efficiently. The chirality in the
material may be an intrinsic property of the chromophore, like in
helicenes,12−18 or be imprinted by attaching a chiral substituent
on an achiral chromophore.6,8,19 This molecular-scale chirality
then influences the aggregation of the constituent units, leading
to a chiral supramolecular assembly. However, the supra-
molecular structure is also influenced by the preparation
method, which often leads to polymorphism within the same
sample.6
Because of the nature of the technological applications of

these materials, their characterization often relies on spectro-
scopic techniques based on their interaction with chiral light, i.e.,
circularly polarized light. The dominant techniques are
electronic circular dichroism (ECD),6,20−23 which measures

the difference in absorption between left and right circularly
polarized light, and its emission analogue, circularly polarized
luminescence (CPL).13,16,18,20,24−26 ECD is sensitive to both the
intrinsic chiral nature of the chromophoric units and the
supramolecular chirality of the assembly. CPL can provide
important information about the structural reorganization of the
material after absorption and charge transport dynamics.
Furthermore, the intrinsic luminescence of the material may
be a target property in and on itself, for instance, for the
fabrication of circularly polarized-organic light emitting diodes
(CP-OLEDs).17,27,28
The application of these techniques relies on complementary

theoretical simulations, which can help elucidate structure−
property relations. However, while simulation of ECD and even
CPL spectra are now routine for molecules thanks to robust and
easy-to-use implementations of time-dependent density func-
tional theory (TDDFT) and excited state energy gradients
(which allow relatively reliable geometry optimizations of the
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