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Plasmonic nanostructures are important tools in the study of chirality in the nanoscale. They are systems
composed of conducting materials that support resonant excitations of the oscillatory motion of their
conduction electrons. Exciting these plasmonic modes effectively localizes radiant energy in and around
these nanostructures, which act as electromagnetic antennas operating in the UV-to-IR spectral range.
Plasmonic systems can enhance the chiroptical activity of chiral molecules in near-field interaction with
them, affording improved sensing capabilities at low analyte concentration or in samples with a low
enantiomeric excess. They have also become an important platform through which to test and develop
artificial materials with exceptionally large chiroptical activity, through the creation of plasmonic
structures or assemblies with chiral geometries or arrangements. The fabrication of chiral plasmonic
nanostructures employs a variety of techniques, the most common including the introduction of chiral
asymmetry through top—down designs or introducing chiral molecules to direct the chiral growth of the
structure. Recently, a different approach is being explored, which involves using chiral light as the only
source of asymmetry in developing chiral plasmonic nanostructures. Chirality in this case arises from

Received 28th January 2025,
Accepted 7th May 2025

local transformations occurring on the surface or environment of the nanostructure, in a pattern that
follows the local, chiral pattern of excitation induced by the impinging light. This article introduces and
DOI: 10.1039/d5mh00179j explores light-to-matter chirality transfer in plasmonics, contextualizes it within an introductory overview

of light—matter interaction and chirality, reviews examples of this nascent technique and discusses its
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potential in exploiting different energy-transfer mechanisms supported by plasmonic nanostructures.
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1. Introduction and overview

The interaction of light with matter is at the heart of several
important threads in the development of modern science and
technology. These include the discovery of lasing and its myriad
applications, the proliferation of characterization and sensing
techniques using different parts of the electromagnetic spec-
trum, the development of telecommunications technology,
advances towards photonic computing, or even motivating
the birth of quantum mechanics through the description of
blackbody radiation and the photoelectric effect. Today, a
student or researcher interested in nanophotonics or nanotech-
nology will probably have some familiarity with the term
“plasmonics” and some of the ideas behind it, as it is present
today in a very large number of scientific publications across
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different areas. The field of plasmonics deals with phenomena
and applications related to the resonant oscillations of the
cloud of quasi-free electrons present in conducting materials,
especially when at least one dimension of the conductor is in
the nanoscale. Plasmonic nanostructures are often referred as
nanoantennas, as their behaviour resemble the coupling of
macroscopic antennas with long-wavelength electromagnetic
radiation, but their nanoscale sizes achieve coupling with
shorter-wavelength radiation, through the visible spectrum
and down to ultraviolet (UV) wavelengths.»* This strong, reso-
nant interaction with light can be exploited both for their own
optical properties,®> ® inducing changes in the optical response
of other systems,” "> or for their capability of inducing local
changes in their environment.’*'® Readers interested in some
facet of this field can not only encounter excellent general
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reviews,"”° a wide expanse of work dealing with fundamental
exploration and modelling of plasmonic phenomena is also
available.**?® They can also learn about varied fabrication
techniques,”” > and applications in sensing,**7*® photo-
detection,®”*° photoheating,'>*'™* photochemistry,'3:!*447
and other areas.*”>' This focus article intends to offer both
an entry point and brief overview to a particular research thread
in plasmonics, relatively new and still developing, related to a
storied aspect of the study of plasmonic nanocrystals: their
capability to produce strong chiroptical signals exploiting
chiral asymmetries in single nanostructures, aggregates, or
structured metamaterials.”*?

The research thread that we will explore in detail in this
article develops a particular path for the creation of plasmonic
nanostructures with chiral asymmetries, starting with achiral
plasmonic nanostructures and becoming asymmetric through
their interaction with chiral light, without involving chiral
molecules. This light-to-matter chirality transfer is mediated
by physical or chemical transformations initiated by light
occurring around the nanostructures. A notable case of this
phenomenon is the photogrowth of a material layer over the
metal, following the symmetry (or lack thereof) of the combined
system of plasmonic resonator and light.>*>® Of course, it is
important to realize that this is not the only method for creating
chiral plasmonic systems, which can be efficiently produced with
techniques such as lithography,®>” DNA-origami templating,>®>°
or growth controlled by chiral molecules.®®*> Nonetheless, con-
trolling the evolution of the nanostructures’ shape through the
symmetry of the light impinging on them holds significant
scientific interest on several accounts: firstly, and obviously, it
represents a new path for controlling matter in the nanoscale,
potentially in conditions that are not accessible to other methods;
serves as a test space for improving our understanding of the local
evolution of surface reactions in plasmonic photocatalysis, and
in so-doing allows us to refine our models of energy-transfer
mechanisms from plasmon to environment; can be developed as
a passive technique to evaluate properties of the light; and can be
used to refine our understanding of the light-matter interaction
when working with chiral light. Related to this last point, let us
underscore that, although light-to-matter chirality transfer on
plasmonic nanostructures can be understood as a form of
chiral photocatalysis, as it involves both concepts at its core,
this process is wholly distinct from enantioselective photocata-
lysis. Chiral photocatalysis refers to the latter, to the control of
the chirality of a molecular sample through different photo-
catalytic processes involving chiral light. They are thus different
phenomena, they operate at different spatial scales, and involve
different physical mechanisms. Yet, due to the well-known
capabilities of using plasmonic resonators to influence differ-
ent optical and chemical processes at the molecular scale, the
possibility of achieving strongly enantioselective photocatalysis
exploiting the properties of chiral and achiral plasmonics is
actively pursued.®*~°> So, for the purpose of clearly distinguish-
ing these two families of phenomena, we will provide a brief
overview of light-matter interaction in the particular context of
using chiral light.
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This article will provide an introductory overview to light-
matter interaction and chirality, building up to a discussion of
light-to-matter chirality transfer. Section two will introduce
chirality in matter and in light. Section three will describe
fundamental ideas behind modelling the interaction of light
with chiral matter, attending to the similarities and differences
of modelling discrete transitions in molecules and collective
oscillations in plasmonic systems. Section four will engage
directly with the topic of light-to-matter chirality transfer in
plasmonic systems, presenting a discussion on theoretical and
experimental work in the field that is structured according to
the different physical mechanisms that can induce the imprint-
ing of chirality. Finally, section five presents brief conclusions
based on the prior discussion, presenting the thoughts of the
authors about the foreseeable future of this field of study.

2. Chirality

2.1. Geometry and chiral matter

Chirality is the relationship between two objects that can be
transformed into each other by a mirror transformation, but
not under translation and rotation. These two objects are
enantiomers, with one labelled as left-handed and the other
right-handed, taking advantage of our familiarity with the
paradigmatic enantiomeric pair, our hands. The conditions
for chirality of a system, e.g. a molecule, can be expressed using
ideas from group theory, the mathematical framework used to
describe the symmetries of an object or space. The symmetry of
a chiral object can be described by a point group that is purely
rotational, i.e. lacks reflection symmetry, inversion symmetry,
and axes of improper rotations, which combine rotation
around an axis with a reflection across a plane perpendicular
to that axis.

Chirality is a geometrical concept with several significant
implications in the natural sciences. This connection is, of
course, far from surprising, as the spatial arrangement of
atoms directly determines the available electronic states in a
molecule or a crystal, and symmetry plays an important role in
understanding the properties of matter. But chiral asymmetries
play a particularly important role in biology, because life on
Earth is homochiral,®® and enantiomers of chiral molecules can
have drastically different effects in living organisms. This high-
lights chirality as a property of interest in biological, medical,
and pharmaceutical contexts,®” " including more specific ones
such as food science.”””’* Consequently, the study of chirality
in the micro and nanoscale is strongly motivated by applica-
tions, which has motivated much research on the chiroptical
properties of matter for the purpose of sensing and
manipulation,®"”>7® as well as fundamental interest in physics
and optics.”””"°

Before starting the discussion of chirality in electromagnetic
fields, it is useful to introduce some additional terms that are
useful to group different types of material systems attending to
their asymmetry. Then, to the above general description of
chiral 3D geometries, we can append several additional terms

This journal is © The Royal Society of Chemistry 2025
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used to describe systems that are not strictly chiral, but still
have chiroptical activity. The first, 2D chirality, or planar
chirality, describes geometries that are chiral only when con-
fined to the reduced dimensionality of a plane, but not if we
consider them as living in 3D space. This is an important
category in the context of this article, as many of the systems
that we will discuss in examples of light-to-matter chirality
transfer are structures supported on a substrate. A 2D chiral
object will provide a chiroptical signal, but its handedness will
be flipped depending on whether we are illuminating it from
above or below. Fig. 1a and b show examples of chiral struc-
tures in 3D and 2D, respectively. The object is first mirrored to
obtain a mirror image. The image is then rotated in an attempt
to perfectly match the original object. If this can be achieved,
the structure is achiral; however, when we cannot superimpose
the object and the mirror image, by definition, the structure is
chiral.

Now, it is useful to extend our vocabulary to encompass
systems that, even if not geometrically chiral, can have a
chiroptical response under illumination. We can then contrast
systems with 3D or 2D chirality, which have intrinsic chirality,
to those with extrinsic chirality, which only showcase chiral
asymmetry if considered together with the impinging light.
This latter category then includes systems whose chiroptical
response arises from the excitation conditions, most typically
when planar resonators are probed with circularly polarized
light (CPL) arriving at an angle lower than 90°,*>®! but can also
occur through other mechanisms, like the interaction of single-
resonator and lattice modes in planar metamaterials.5%5
Fig. 1c shows an example of extrinsic chirality created by the
direction of the incident light on a planar metamaterial.**%
This is due to an oblique incidence, which breaks the symmetry

View Article Online
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of the whole arrangement. However, if a line of symmetry of the
geometry was contained within the plane of incidence, the
combined response of the system would remain achiral. Lastly,
the term of induced chirality is used when an achiral system
registers a chiroptical response because it is in close electro-
magnetic interaction with a chiral element.®® Within the con-
text of plasmonics, a relevant example is the interaction of a
chiral molecule with an achiral plasmonic resonator or lattice,
with the latter not only enhancing the chiroptical signal of the
molecule, but also inducing a chiroptical signal at its plasmo-
nic modes.'"#*%77%% Fig. 1d shows the chiroptical response—
circular dichroism (CD) in particular, which we describe in
detail in a later section—for a chiral molecule and a plasmonic
nanoparticle approaching each other. Individually, the plasmo-
nic nanoparticle is nonchiral (CD = 0) and the chiral molecule
CD is represented by the red line on the plot. However, when
the gap between them is small enough, the CD increases
at a wavelength corresponding to the nanoparticle plasmon
resonance.

2.2. Chirality in light

The paradigmatic case of chiral light is a circularly polarized
planewave. A planewave will have a specific polarization and
direction. When no polarization can be determined, we say that
the light is unpolarized and can be constructed by the inco-
herent sum of many planewaves with different polarizations.
A polarized wave with a well-defined direction of propagation is
typically described as having three basic types of polarization:
linear, circular and elliptical. Let us describe in some more
detail such cases. Light can be described as an electromagnetic
wave composed, as the name suggests, of an electric and

a Intrinsic 3D chirality c Extrinsic chirality
<
120°
\
b Intrinsic 2D chirality
20 —5=1nm Chiral Molecule
Mirror image CHIRAL 15 :g:g(::'m > B onic
’ ‘ o 0 E © 8 Nanoparticle
% ".’ —=> 120° e q s ‘f

240°,

200 400 600 800
Wavelength (nm)

Fig. 1 Types of chirality with example geometries. (a) Objects with intrinsic 3D chirality cannot be superimposed over their mirror images through any
translation and rotation in 3D space. (b) Objects with intrinsic 2D chirality have the same property if we restrict the possible transformations to those
within the plane of the object. (c) Extrinsic chirality arises when an achiral 2D object is excited by light at angle such that the combined system of object
plus light is chiral in 2D. (d) Chirality induced on a plasmonic nanoparticle by closing its distance to a chiral molecule. The plot shows the CD of the whole

system where ¢ is the gap, in nm, between the nanoparticle and molecule.

This journal is © The Royal Society of Chemistry 2025
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magnetic field oscillating perpendicularly to the direction of
propagation. We can write each of these fields as

E= Eoei(kxfmt)’ B= Boei(klewt)

where E, and B, are the polarization vectors for the electric and
magnetic fields, respectively, and are perpendicular to each
other. Meanwhile, k and ® are the wavevector and angular
frequency of the planewave, respectively. These two magnitudes
are connected by the dispersion relation of the medium
through which the light propagates, as w = ck/n, where ¢ is
the speed of light in vacuum, & is the module of the planewave’s
wavevector, and n is the real part of the refractive index of the
propagation medium. The refractive index is in general both a
complex-valued and frequency-dependent magnitude, where
the real part affects the propagation of light while the imagin-
ary part accounts for the attenuation of the electromagnetic
field.”® The phase velocity of a wave is v, = w/k, and thus the real
part of refractive index is the ratio of the speed of light in
vacuum to its speed in a specific medium (n = c/vp), giving us
information on how much a monochromatic wave slows down
when traveling through a material.

Let us now focus on the oscillating electric field, both for
simplifying our discussion, and because the optical phenom-
ena that we will discuss are dominated by electric, rather than
magnetic, effects. Furthermore, we can choose a wave moving
in the z direction to work with a more specific notation. Then,
we can write the electric field of a planewave propagating along
the z axis and with its electric field oscillating in the orthogonal
x-y plane as

E = Eoe" ), B = (Ey, By, 0)

Importantly, each of the components of the polarization vector
is a complex-valued number, so we can express them in terms
of the individual amplitudes and phases, as

E. = |Ec|e"", E, = |E,|e™

It will be more convenient, however, to discuss the polarization
of the plane wave in terms of the phase difference between
these two components of the polarization vector, § = 6, — 0.
Then, we can identify a plane wave that is linearly polarized as
one with no phase difference between the components of its
polarization vector (0 = 0). Linearly polarized light (LPL) has
its electric field oscillating in a fixed plane containing both
the direction of propagation and the polarization vector. The
electric field for linear polarization in the é direction can be
expressed as

E= Eoéei(k-r—wt)

Particularly, a planewave moving in the z direction with an
arbitrary initial phase can be written as

E = (|Ec[% + |Ey[§)e’ "

In contrast, an elliptically polarized planewave has its electric
field rotating around the direction of propagation, and our
wave propagating along the z axis is written by the more general
expression

4944 | Mater. Horiz., 2025, 12, 4940-4969
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E = (|EJ% + |Eyle?g)e

where |E,| and |E,| are not equal, ¢ is nonzero or both. From
this expression, we can single out circularly polarized light
(CPL) as a particular case of elliptical polarization, in which the
amplitude of the field does not change as it rotates (|Ex| = |E,|)
and the components of the polarization vector have a fixed
phase difference of a quarter rotation (6 = +n/2). The sign of
their relative phase defines the wave handedness. Then, by
analyzing the previous equations, we can see that a circularly
polarized wave is the superposition of two perpendicular line-
arly polarized planewaves with the same amplitude and a phase
difference of +n/2. This is illustrated on Fig. 2a, which illus-
trates a frozen snapshot of a circularly polarized plane wave, in
red, alongside two linearly polarized waves, in blue and green.
Now, in order to define its handedness, it is important to define
from which perspective we are going to evaluate the rotating
field. Two options are available: either from that of the light
source or from that of the object towards which the light
propagates (see them also in Fig. 2a). These define two different
reference systems and labelling conventions. In this text we will
use the “source” convention, but both are valid and widely used
in the published literature (in fact, some of the work we will
reference in later sections use the other convention). Then, we
can recognize that the wave in Fig. 2a is left-handed circularly
polarized (LCP) because an observer at the source would see the
electric field rotate counterclockwise when attending to a fixed
plane orthogonal to the wave’s propagation direction. For a
wave moving in the z direction like the one described by the
equation above for elliptical polarization, we obtain an LCP
wave when |E,| = |E,| = E,, and the phase difference is 6 = /2, so
that

Eicp = Eo(& + i)’ )
Whereas right-handed circularly polarized (RCP) light would
correspond to a phase difference 6 = —n/2, so that

Ercp = Eo(k — if)e’==)
It is worth noting that a linear planewave could also be seen as
a superposition of two circularly polarized planes of opposite
handedness and equal amplitude. The phase difference
between them would define the polarization direction of the
linearly polarized wave. In fact, treating CPL as the fundamen-
tal type of polarization, with LPL being a linear combination of
circularly polarized (CP) modes with opposite handedness, is
the more natural approach from the perspective of quantum
mechanics: photons, being massless particles with spin s = 1, have
only two available states, with their spin pointing either along or
opposite to their direction of propagation.”®> Then, photons
have a spin angular momentum (SAM) of S =1//s(s+1) =
V2 and a helicity when propagating along the z axis, ie. the
projection of the SAM over its propagation direction, of S, = +A.
The state with positive helicity corresponds to an RCP photon,
while the negative helicity corresponds to an LCP photon (see
Fig. 2b).>>**

This journal is © The Royal Society of Chemistry 2025
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Intensity Profile Phase Front Wavefront

Fig. 2 (a) Schematic diagram of a CP wave and the two LP waves
composing it, with time fixed. Both source and object are labelled to
indicate the two distinct perspectives that give rise to the two naming
conventions for the handedness of CPL. In this example, the source
(object) sees a counterclockwise (clockwise) rotation in the highlighted
plane as time advances, so that it corresponds to LCPL (RCPL). (b) Photons
are circularly polarized. (Left) Schematic diagrams of the rotating electric
field at a fixed time, labelled with the handedness of the state in the source
convention. (Right) Corresponding helicity, i.e. projection of the magnetic
moment (from spin) over the propagation direction, of the photons with
opposite handedness. (c) Vortex beams with orbital angular momentum.
Intensity and phase profiles for the primary mode of a Laguerre—Gaussian
beam with [ = [-2, —1, O, 1, 2]. The top row shows the phase front for the
different modes. The middle row shows the corresponding azimuthal
phase profiles, and the bottom row shows the corresponding planar
intensity profile. Reproduced from ref. 95.

Circularly polarized light is then the fundamental state of
light and can thus be considered as the paradigmatic case of
chiral light. As such, in this article we will focus on CPL for
discussing the interaction of chiral light with matter. But it is
important to keep in mind that the category of chiral light is
not exhausted by CPL. We can obtain a more general perspec-
tive if we consider the complete angular momentum of light,
composed of both orbital, L, and spin component, S, as

JZL+S:80JTX(EXB)(1F

In this context, and as described above, CPL is light composed
by photons with angular momentum solely derived from their
intrinsic spin, which is parallel (or antiparallel, for its opposite
handedness) to their direction of propagation. Light, however,
can also carry orbital angular momentum (OAM),**°%%” which
implies a departure from being a plane wave, with a planar
phase front. A beam with OAM has a phase dependence on the
azimuthal angle around the beam propagation direction, such
as the helical phase front shown in Fig. 2c. A beam with an
OAM of L, = Ik, with [€[0, £1, +2, ...] different from zero, is a
vortex beam with topological charge /. This topological charge
corresponds with the number of full phase twists per wave-
length described by the beam.”>**™°° Vertex beams are varied

This journal is © The Royal Society of Chemistry 2025
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in type and in their applications,'®"'°*> allowing for the chiral
manipulation of matter, e.g. through inducing circular move-
ment patterns in nanoparticles,'®>'** inducing chiral currents
in plasmonic nanostructures,'®'% or, in clear examples of
light-to-matter chirality transfer, carving twisting chiral metal
SpikeSlO77110
micra in size. Optical beams with OAM are examples of the
even more general category of structured light,"**>™'* which
extends to cover any optical field with relevant spatial inhomo-
geneities in some of the parameters describing it,"** and
includes other examples of chiral light.'”"'® Nonetheless,
and as mentioned above, CPL or SAM light remains the para-
digmatic and fundamental form of chiral light. It is also
arguably the simplest to produce in standard optical setups,
and more straightforward to study theoretically in describing
the interaction between chiral light and matter. Consequently,
in the remainder of this article we will only consider CPL as the
chiral light inducing asymmetry in the nanoscale. Circularly
polarized light is also an important, routinely used probe for
the study of the chirality of matter. Incidentally, understanding
some basics ideas underlying the interaction of CPL with chiral

or photopolymerizing chiral pillars,"*" several

matter is useful to set the background against which we will
discuss light-to-matter chirality transfer. Then, let us preface
our discussion on the interaction of chiral light with achiral
matter by presenting some basic ideas regarding the inter-
action of chiral light with chiral matter.

3. Interaction of light with chiral
matter

3.1. General aspects

From a macroscopic perspective, investigating whether matter
is chiral in its microscopic composition mainly depends on
exploring how a sample interacts with the polarization of light.
Although the absence of chiroptical properties does not guar-
antee that no microscopic chiral components are present in the
sample, the presence of proper chiroptical phenomena does
report on the presence of some form of chirality. There are two
fundamental magnitudes for quantifying the -chiroptical
response of matter: circular dichroism and optical rotation.
Both are manifestations of the optical activity in chiral media.
To define circular dichroism, we must first introduce dichro-
ism. Dichroism refers to a sample’s selectivity in its response to
light with two different characteristics, such as polarization.
When light travels through a dichroic material, a differing
extinction coefficient for two polarized rays causes one to be
absorbed more efficiently. Then, the dichroic material will have
a different appearance depending on the light polarization. And
just like there are different types of polarization, there are also
different types of dichroism. Linear dichroism refers to the
differential absorption between beams with orthogonal linear
polarization, and offers information about the anisotropy of the
sample. Similarly, circular dichroism (CD) is the difference of
amount of light absorbed for left- and right-circularly polarized
light. This differential absorption can be expressed as a
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difference of several magnitudes, with the absorbance of the
sample being particularly straightforward to measure, measur-
ing transmission along the path of the input beam:

CDy = AA = Ay cp — Agcps

where A is the absorbance, or the attenuation of an incoming
beam after a path of length d, A = log(Iy/I;), and it is measured
under beams of circularly polarized beams of opposite handed-
ness. An alternative, commonly used metric is that of circular
dichroism obtained as the difference of molar extinction coeffi-
cient under LCP and RCP light, Ae = ercp — ércp. Here, the
reader should be aware of the ambiguity arising from using the
same notation for molar extinction coefficient and permittivity.
One should note that these magnitudes group together absorp-
tion and scattering, but these can also be addressed separately
with an appropriate setup, by measuring light scattered from
the path of the input beam.**”"**° A visual schematic descrip-
tion of circular dichroism when light traverses through a chiral
medium is shown in Fig. 3a. When two incident light beams
with different circular polarization and equal intensity travel
through a chiral medium, the transmitted polarizations have
different intensities due to the preferential interaction of the
sample with one of the polarizations. When working with films
or other planar systems, common in the study of chiral
metamaterials,’*>'** instead of measuring absorbance one
would work with absorption, also noted as A, reflectance R, or
transmittance, 7. These magnitudes, which are normalized
by the beam intensity, are connected by the principle of
conservation of energy, so that A + R + T = 1. It is worth noting
that many plasmonic metamaterials are prepared over

a Circular Dichroism

b  Optical Rotation

Fig. 3 (a) Schematic diagram of the phenomenon of circular dichroism,
showing the differing attenuation for RCP and LCP light rays traveling
through a chiral medium. This differential absorption is also depicted
through bars indicating the amplitude of the different CPL beams before
and after they cross the material. (b) Schematic diagram of the phenom-
enon of optical rotation, showing how a linearly polarized plane wave has
its polarization plane rotated along the direction of propagation when
travelling through a chiral substance.
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Focus
continuous  metallic  substrate layers, or  mirror
backplanes,'?*'** so that no power is transmitted and the

above relationship holds simply between A and R.

Measuring CD in a sample is an indication of it having some
microscopic chiral component, and its particular CD spectrum
provides information on its characteristics, not only through its
absolute magnitude (as a measure of both chirality and inter-
action strength) but also through its features at different
wavelengths (related to the energy of the molecular transition
involved, if that is the case, or to the spatial scale of the chiral
phenomenon producing it)."**

In measuring chirality through circular dichroism, it is often
informative to use a normalized magnitude that removes the
dependence on factors such as molecular concentration,
so that the interpretation of the chiroptic spectra relates only
to the chirality of the sample. The so-called g-factor,'** g, or
Kuhn’s dissymmetry or anisotropy factor, is defined as the CD
of the sample normalized by the average of the absorbance
under LCPL and RCPL:

Arcp — Arcp

A= (Arcp + Arcr)/2

Given that the values of A are positive, it is clear that g, can take
values between —2 and +2. As a rule of thumb, we can expect
small chiral molecules to have absolute values of g, in the order
of ~107>-107°, while chiral plasmonic nanostructures can
reach larger values, up to ~10~" for colloidal structures and
even ~10° for planar metamaterials."*®'>*"”

The second of the characteristic optical responses of chiral
matter is optical rotation, also known as circular birefringence,
which is the ability to rotate the polarization plane of linearly
polarized light. When CPL travels through an optically active
medium, the light has a different velocity depending on its
handedness. Since a linearly polarized planewave is the sum of
two circularly polarized planewaves of opposite handedness,
the velocity difference between LCPL and RCPL changes their
relative phase difference, which in turn causes a rotation of the
linearly polarized planewave. Fig. 3b shows an incident verti-
cally linearly polarized planewave passing through a chiral
medium. Once the light ray fully escapes the material, the
polarization direction is rotated relative to its initial orienta-
tion. This optical rotation can be measured with an instrumen-
ted called a polarimeter and it is commonly used to obtain the
relative concentration of enantiomers of chiral molecules in a
sample.”*® In particular, the magnitude used to report a sam-
ple’s optical rotation is the optical rotatory dispersion (ORD), or
its specific rotation spectrum. The specific rotation is the angle
at which optical rotation occurs at a particular wavelength,
temperature and concentration of the chiral material. It is
important to note that CD and ORD are not independent from
each other, as they are connected through Kramers-Kronig
transformations.'®® Although both can be determined experi-
mentally, measuring and computing CD is often favoured
because it can be easier to interpret.'*° In the rest of this article
we will focus on discussing CD characterization. We will not

discuss, however, the experimental approaches used to
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