Appendix A

Units of Circular Dichroism

Abstract In chemical literature, different measures are evaluated when discussing
the circular dichroism of a chiral analyte. We list the most important measures as a
quick reference for the interpretation of circular dichroism spectra in this appendix.
In Sect. 2.2.3, the absorbance A is defined via the attenuation of the incident light
beam. All the intensity of the incident beam is either transmitted, reflected, or
absorbed. Therefore, one can write
1=T +R+A

(A.1)

with T being the transmittance and R the reflectance of the illuminated system. The
differential absorbance is related to the differential transmittance via
A = −T − R .

(A.2)

For an isotropic chiral medium described by the constitutive equations (2.48), R
vanishes [1]. This is the common case for chiral liquids with isotropic orientation of
the chiral molecules. For such systems, a measurement of T is sufficient to obtain
information about A.
Artificial chiral media, such as chiral plasmonic nanostructures, cannot be
described by absorption alone; scattering might play an important role as well [2].1
Their response is, in general, anisotropic. Non-zero R can occur when the eigenpolarizations differ from CPL.2 One must be careful when such anisotropic media
are analyzed regarding their CD response via transmission measurements.3
1 There exist several techniques to describe chiral metamaterials via effective constitutive parameters

[3-5]. This allows, in principle, to predict the chiroptical response without a full-field calculation
of the underlying structure. However, a thorough optical characterization of the metamaterial is
necessary for the parameter retrieval. Note that only structures much smaller than the wavelength
can be described by an effective medium.
2 This is the main mechanism of the helix-based circular polarizer discussed in [6]. A thorough
theoretical discussion of the behavior of multiple helices is given in [7].
3 Circular eigenpolarizations can be ensured via the arrangement. They are supported by structures
with C3 , C4 , or C6 rotational symmetry under normal incidence [8]. For all other symmetries, one
should carefully check for differential reflectance.
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In some chemical literature, CD is not defined via the differential absorbance A.
Instead, they use Beer’s law (in base 10 notation), which describes the attenuation
of the light intensity I in the system:
I = I0 10−lcmol ,

(A.3)

where  is the molar extinction coefficient, l is the path length, and cmol is the concentration of the chiral analyte in moles per liter. Then, one can identify the absorptivity
A as
 
I0
.
(A.4)
A := lc = log
I
CD is then defined as the differential absorptivity:
+



−

A := A − A = log

I−
I+


.

(A.5)

This definition has the advantage that no reference beam is needed for the measurement [9].
Sometimes, also the difference of the extinction coefficients is given, because it
is independent on path length and concentration. A transformation between the two
definitions can be obtained by
 =

1
A .
lcmol

(A.6)

In some chemical literature, the measured CD spectra do not report A or 
but ellipticity θ (sometimes also ), which is defined as
√
θ(rad) = √

I− −
I−

+

√
√

I+
I+

.

(A.7)

Comparison with Beer’s law leads to
θ(rad) ≈ A

ln 10
4

(A.8)

for small values of A. Here, θ is given in radians. A conversion to millidegrees
results in
θ(mdeg) ≈ 32982 · A ,
(A.9)
which is a commonly used unit for CD spectra. The molar ellipticity [θ] is given as
[θ] =

0.1 · θ(mdeg)
≈ 3298.2 ·  .
lcmol

(A.10)
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Appendix B

Details of the Simulations

Abstract All discussions of the chiral near-field response of plasmonic nanostructures in this book are based on numerical simulations. Depending on the demands,
either an in-house implementation of the Fourier modal method or a commercially
available finite element method code (CST Microwave Studio) has been used. In this
appendix, we discuss the capabilities and limitations of both tools. Additionally, we
provide further information regarding the calculation and normalization of optical
chirality in CST Microwave Studio.

B.1

Simulation Tools

We analyzed the chiral plasmonic near-field sources by numerical full-field calculations. These calculations are performed by two different tools. Firstly, a commercially
available frequency domain solver using the finite element method, CST Microwave
Studio (MWS) [1]. The second tool is an in-house implementation of the so-called
Fourier modal method.4
This so-called Fourier modal method is well-suited for the simulation of systems
with stacked periodic layers. It has been optimized for fast convergence by application of Fourier-factorization rules and adaptive spatial resolution for the interfaces
between the nanostructures and the dielectric background [2]. The implementation
is very versatile and can be adjusted for specific problems. For instance, the chiral
constitutive equations (2.48) have been implemented. To obtain this, we extended
the formulation of Onishi and collaborators [3] to bi-periodic gratings. Our implementation includes the correct factorization rules for chiral media in accordance to
those of achiral media [4] to ensure optimum convergence. Therefore, not only chiral
geometries but also effective chiral media can be efficiently simulated, which is not
possible with most commercial software.

4 This

method is also referred to as “rigorous coupled-wave analysis (rcwa)” in literature.
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One drawback of the Fourier modal method approach is that it is restricted to
stacked systems. Fully three-dimensional geometries cannot be tackled with this
approach. Additional constraints to the geometry are due to the adaptive spatial resolution that can only be applied to a given set of structures, where the necessary coordinate transformations have been formulated. For all other geometries, the respective
transformations must be found first, which might be very time-consuming [5]. Therefore, we use CST MWS for such more complex geometries. The underlying finite
element method meshes the structure with a tetrahedral grid. In principle, it can
be applied to arbitrary structures, but computing time and memory consumption
increase for complex geometries.
The calculations in Chaps. 5 and 6 have been performed with CST MWS. The
Fourier modal method has been used for the simulations described in Chap. 7. All
these designs have been calculated in a periodic arrangement because most nanofabrication techniques result in a surface patterned with the desired structure. Additionally,
single particle experiments are more complicated. We chose the size of the unit cells
large enough that no near-field coupling is observed (except for the locally chiral
plasmonic lattices, where coupling of all building blocks is crucial for the concept).
As a consequence, the plasmonic modes are localized to single structures. We expect
the respective results to be applicable to single structures as well.
In Sect. 8.2, single structure calculations have been performed because of the size
and the complexity of the suggested design. Such calculations can only be performed
with CST MWS because the Fourier modal method inherently requires a periodic
arrangement. We have used plane wave illumination with perfectly matched layer
boundary conditions.
A specialty are the calculations performed in Sect. 8.3. The geometry can be
simulated with the Fourier modal method. However, it doesn’t support PEC media.
Therefore, the PEC simulations have been performed with CST MWS. The simulations for gold, however, have been performed with the Fourier modal method because
CST MWS doesn’t allow to incorporate chiral media. Additionally, an inclined unit
cell has been used for the Fourier modal method simulations, while a rectangular unit cell has been used for CST MWS. The size of the inclined unit cell was
160 nm×(550 nm/ cos ζ) with an inclination angle of ζ = − tan−1 (180 nm/250 nm).
Comparison with simulations performed in CST MWS with a rectangular unit cell
lead to similar results.
All calculations have been carefully checked for convergence. Additionally, the
correct representation of the geometry in the simulation tool must be taken care of.
This is straightforward in the Fourier modal method: Due to the adaptive coordinates, every supported geometry is represented exactly in the method. However, the
geometry is Fourier transformed, which induces truncation errors depending on the
number of Fourier harmonics. For CST MWS, the quality of the mesh needs to be
reviewed: Inaccuracies in the structure representation might have minor influence on
far-field spectra, but can strongly disturb the near-field response [6]. In case of the
calculations in Sect. 8.2, the automatic mesher had to be adjusted to realize round
cross sections of the small wires.
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Table B.1 Intuitive handedness of the helix of the electric field vector in space and sign of OC
density (calculated via (4.7)) for the different port modes in CST MWS. The second part of the
table covers plane wave incidence for propagation in positive and negative z-direction
Port
Helix
OC
Zmin(1)
Zmin(2)
Zmax(1)
Zmax(2)
LCP (+z)
RCP (+z)
LCP (−z)
RCP (−z)

+
−
−
+
+
−
+
−

right
left
left
right
right
left
right
left

B.2 Calculation of Normalized Optical Chirality in CST
Microwave Studio
For the calculation of local OC in CST MWS, several differences must be taken into
account. While we use the detector’s view convention, CST MWS uses the source
view convention. Additionally, CST MWS uses the following time dependence for
monochromatic plane waves
(B.1)
E ∝ eı̂(ωt−kz)
instead of (2.4). Therefore, the intuitive handedness of the helix of the electric field
vector in space does not coincide with the nominal handedness of the light in CST
MWS. However, the intuitive handedness is of major importance for our qualitative
analysis of the behavior of geometrically chiral plasmonic nanostructures, e.g., the
discussion of selectively excited modes in Born-Kuhn type structures. We give a
mapping of the modes to the respective helices for Floquet ports5 as well as plane
wave incidence in Table B.1.
In addition, the difference in the time dependence results in a sign flip of the
calculated values of OC density compared to the values obtained in (4.28) for CPL.
Table B.1 shows the signs of OC obtained for the different ports. To be consistent
with the conventions used in this book, the signs of local OC values obtained from
CST MWS must be inverted.
The calculation of Ĉ requires the values of E 0 , which is the amplitude of the
incident electric field, for the normalization (cf. (4.34)):
Ĉ =

5 These

μ0 c Im(E ∗ · H)
.
E 02

ports are used by the frequency domain solver with unit cell boundary conditions.

(B.2)
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Note that we both included the sign flip for C and accounted for the fact that CST
MWS provides the magnetic field strength H instead of the magnetic field B.
For plane wave excitation, the amplitude of the electric field vector can be configured. Therefore, calculation of the normalized values is straightforward. Per default,
CST MWS assumes E 0 = 1 V m−1 for LPL and one obtains
Ĉ =

μ0 c
Im(E ∗ · H) ≈ 376.730 m2 W−1 · Im(E ∗ · H) .
1 V m−2

(B.3)

For CPL, both amplitudes E 0 Jx and E 0 Jy are set to 1 V m−1 per default. Therefore,
one obtains E 02 = 2 V2 m−2 and the normalization reads
Ĉ ≈ 188.365 m2 W−1 · Im(E ∗ · H) .

(B.4)

For Floquet ports, the whole port provides an input peak power of 1 W. Therefore,
the absolute value of the Poynting vector S is given as

|S| =

ε0 2
1W
E =
,
μ0 0
Ap

(B.5)

where Ap is the area of the port in m2 . Solving for E 02 and inserting in (B.2) yields
Ĉ =

B.3

Ap
· Im(E ∗ · H) .
1W

(B.6)

Issues of Non-Enantiomorphic Field Pairs

All analysis of novel chiroptical spectroscopy techniques discussed in this book was
based on the concept of enantiomorphic near-fields. However, arbitrary fields could
be used in principle. In this case, the respective absorption rates must be directly
calculated using (4.18).
However, this would result in a loss of generality. Any results for a would depend
on the parameters α, χ, and ξ of the chiral analyte. Particularly, the proportionality
â ∝ Ĉ would not be valid any more.
In addition, the simulation becomes more demanding because ωUe and ωUb must
be considered together with C. However, a comparison of (4.16) with (4.28) leads
to the estimate that ωUe supersedes C by eight orders of magnitude. Simulations in
free space provide an estimate for the relative numerical error, which is in the order
of 10−4 for the configurations we used. Therefore, it would be necessary to increase
the accuracy of the simulations by several digits to calculate the absorption rate via
(4.18). Otherwise, the chiral contribution due to C would be hidden in the numerical
noise of the achiral contributions.
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Appendix C

Volume Rendering with POV-Ray

Abstract The distribution of chiral near-fields for different plasmonic nanostructures
is visualized by three-dimensional volume renderings. In this appendix, we show how
such renderings can be obtained using the free ray tracing software POV-Ray. We
provide scripts that can be directly adapted to obtain similar images.
We used POV-Ray (version 3.6.1 with MegaPOV 1.2.1) to visualize our results. We
followed the guide given in [1]. The volume rendering was obtained by a transparent
medium whose density and color was influenced by the local value of the OC as
shown in Listing C.1.
At first, a cube with unity side length is created. This is necessary because media
statements fill only this region, independent of the dimensions of the object. The box
is rescaled afterwards to fit the dimensions of the exported fields.
The values are given via df3 files. These are binary files with a simple file format
[2]: At first, a header of three 16 bit unsigned integers describing the length of the
three dimensions of the data set is needed. After this header, the data is expected as
stream of unsigned integers in column major order, i.e., the first dimension varies
the fastest. The size of the single integers is determined by the total size of the file.
Note that all values are expected in big-endian byte order, while most Intel systems
normally use little-endian encoding.6 Therefore, the encoding must be set manually.
The simplified MATLAB code in Listing C.2 stores the negative values of a
three-dimensional array in a df3 file. A similar script can be used for the positive
values. The values are rescaled to the maximum absolute value occurring in the initial
data set. Of course, this can be changed to scale several data sets to the same value
for comparison. Note that MATLAB stores arrays in column major order as well.
Therefore, the array can be written to the file without further treatment.

6 Big-endian

and little-endian refer to different orderings of the bytes in multibyte values. More
details can be found in [3].
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box {
<0,0,0>, <1,1,1>
pigment { rgbt 1 }
interior {
media {
intervals 100
samples 1,20
emission 1/50
absorption 1/10
density {
density_file df3 "values−negative . df3"
interpolate 1
color_map { CMAP_NEGATIVE }
} }
media {
/∗ same statement , but with
values−positive . df3 and CMAP_POSITIVE ∗/
} }
hollow
translate <−0.5,−0.5,−0.5>
/∗ sizes must be set to the dimensions
of the exported data in the df3 f i l e s ∗/
scale <SIZE_X, SIZE_Y, SIZE_Z>
}
Listing C.1 pov-Ray statements to render transparent media with color and density controlled by
numerical values.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

%% assumes values to save given in ’Data’
% prepare output f i l e
out = fopen( ’values−negative . df3 ’ , ’w’ , ’ieee−be’ ) ;
% header
fwrite (out , size (Data) , ’uint16 ’ , 0, ’ieee−be’ ) ;
% rescale values
Data_df3 = uint32((2^32−1)∗abs(Data) /max(abs(Data ( : ) ) ) ) ;
% delete positive values
Data_df3(Data > 0) = 0;
% output
fwrite (out , Data_df3 , ’uint32 ’ , 0, ’ieee−be’ ) ;
fclose (out) ;
Listing C.2 matlab code to save a given array in a df3 file for use in pov-Ray.
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For the scaling, values that exceed the absolute value of OC in all data sets that
should be compared have been used. However, numerical noise can lead to extraordinary high values. Those unphysical responses would destroy the scaling. Therefore,
we filtered all data with a 3 × 3 × 3 median filter. This is a nonlinear filter that is
used for noise reduction in image processing. It is the optimal filtering technique to
remove single outstanding values.
We use two media statements in the POV-Ray code because df3 files can only
contain unsigned values. Therefore, we separated positive and negative values into
different files. It would be possible to rescale the whole range to positive values.
However, the density is lowest for the value 0, which would result in minimal medium
density for the strongest negative OC.
The color of each pixel is controlled by the respective color map. We used the
maps in Listing C.3. Note that, due to the absorption keyword, the colors given
in the color map have to be inverted. <1,1,0>, for example, absorbs red and green
resulting in the blue color for negative values. The second entry in each color map
controls the value up to which the OC is not shown at all. This is necessary because the
incident light can also carry non-zero OC, which should not be visualized. Otherwise,
the whole domain would be colored. Dismissing these values results in no loss of
information because we are only interested in enhanced values above the OC of CPL.
We used different cutting values depending on the normalization.
For most plots displaying OC, the cutting value 0.025 has been used. This allows
for a simple comparison of the respective designs. However, the plots in Chap. 8
have been rendered with 0.075; additionally, a value of 0.6 instead of 0.5 was used
in the third line of the color maps. Figure 7.2 was rendered using a very small cutting
value of 0.003 due to the logarithmic scale used in this plot. The plots of the electric
energy density enhancement were rendered with 0.05 (Fig. 5.2) and 0.01 (Fig. 7.1b).

1
2
3
4
5
6
7
8
9
10
11
12
13

#declare CMAP_NEGATIVE = color_map {
[0 rgb 0]
[0.025 rgb 0]
[0.5 rgb <1,1,0>]
[1 rgb <3,0,0>]
}
#declare CMAP_POSITIVE = color_map {
[0 rgb 0]
[0.025 rgb 0]
[0.5 rgb <0,1,1>]
[1 rgb <0,0,3>]
}
Listing C.3 pov-Ray color maps to obtain the color scheme used for volume rendering.

154

Appendix C: Volume Rendering with pov-Ray

Due to the transparency, the color of one distinct point depends not only on the
actual OC value at this point but also on the color of the region behind. Therefore,
the plots should not be used for quantitative analysis. However, this is a general
problem of all volume rendering tools. The resulting plots are only useful to obtain
information about the general shape and location of the chiral near-fields, which is
important for the general design of chiral near-field sources. We provide slice plots
for quantitative analysis wherever necessary.
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A
Absorbance, 127, 130–132, 141
enhanced, 48
molecular, 45
Absorption, 28, 130
cross section, 121
Anisotropic medium, 141
Anti-bonding mode, 19, 33

B
Babinet’s principle, 126
Beer’s law, 142
Bessel beam, 68
Bi-isotropic medium, 27
Bonding mode, 19, 33
Born-Kuhn model, 20, 33, 35, 113
constitutive equation, 23
response, 28, 84
system of equations, 20

C
Chiral center, 30, 33, 48
Chiral connectedness, 9
Chiral force, 66–67, 69
Chiral interaction strength, see optical chirality
Chiral medium, 20, 27, 64, 112, 141
anisotropic, 25
constitutive equations, see constitutive
equations, chiral
model, see Born-Kuhn model
Chiral metamaterial, 35, 36, 141
switchable, 36
Chiral mode, 74, 115, 126, 127, 135, 138
Chiral molecule, 29, 32, 43, 64

absorption rate, 64, 148
combined absorption rate, 91
conformation, 45
conformational analysis, 45, 56
DNA, 30, 54–55
glucose, 30
Chiral near-field, see optical chirality
Chiral plasmonic near-field source, 70, 139
chiral oligomer, 82–84, 120
chiroptical spectroscopy, 71
design goals, 72, 139
dimer, 102
fishnet, 88
helix, 81–82, 116–117, 138
multiple helices, 120–122, 134, 139
multiple slits, 128, 130–132, 134, 139
realization, 84
rod, 102, 137
sphere, 88
spiral, 81, 139
square, 110–114, 140
stacked split-ring resonators, 84
symmetry, 73, 74
two slits, 70, 126
Chiral response, 7, 8, 10–11, 24, 28, 43, 48
circular dichroism, see circular dichroism
enhanced, 46, 47, 94, 114
expected enhancement, 124–126
model, see Born-Kuhn model
near-field, see optical chirality, of plasmonic nanostructure
of plasmonic nanostructure, 31–35, 54,
88, 95, 139
polarization rotation, 28
Rosenfeld theory, 34
tailored, 36
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Chiral sorting, 67
Chirality
extrinsic, 7, 101, 102
geometrical, 5, 7, 13, 29–31, 34, 63, 94,
98
maximum, 9, 11
measure, 8, 11, 61, 63
optical, see optical chirality
planar, 7, 8, 13, 35, 81, 101
Chiroptical near-field response, see optical
chirality, of plasmonic nanostructure
Chiroptical response, see chiral response
Chiroptical spectroscopy, 36, 72
based on circularly polarized luminescence, 46
based on polarization rotation, 45, 47
enhanced, 87, 124, 139, 140
general principle, 61
in reflection, 133–139
using self-assembly, 54–55
with circular polarization, see circular
dichroism spectroscopy
with linear polarization, 110–112, 140
Circular basis, 26, 27
Circular dichroism
enhanced, 48, 49, 51, 52
induced, see induced circular dichroism
Circular dichroism spectroscopy, 30, 43–45,
48, 112, 133, 134
diffuse reflectance, 133
fluorescence detected, 46, 47, 69
instrumentation, 44, 45
spectrum, 30, 44
Circularly polarized light, 12, 13, 21, 33, 73,
109
handedness, 13
in chiral medium, 27, 28
optical chirality, 68, 69, 72, 73, 106, 109,
147
Circularly polarized luminescence, 49
Circular polarization conversion, 32, 80, 92,
95
Circular polarization extinction ratio, 118
Circular polarizer, 116, 118, 141
Collision frequency, see damping parameter
Condon model, 20
Constitutive equations, 12, 13
chiral, 24, 50, 64, 141, 145
Drude-Born-Fedorov, 24
CST Microwave Studio, see finite element
method
Current distribution, 19, 80, 98, 105, 126

Index
D
Damping parameter, 14, 15
Dark mode, 19
Density functional theory, 49
Detector’s view convention, 13, 34, 68, 147
Diastereomer, 30
plasmonic analogue, 33
Dielectric function, see permittivity
Differential absorbance, 28, 50, 111, 141,
142
Differential absorption rate, 65, 91
enhanced, 92, 124
Differential absorptivity, 142
Differential extinction, 101
Differential reflectance, 32, 134, 141
Differential response, see chiral response
Differential scattering, 46, 50, 101
Differential transmittance, 32, 35, 141
Dipole, see Hertzian dipole
Dipole moment
electric, 19, 34, 64, 78, 103, 116, 121
induced, 16, 22, 31, 34, 64, 65
magnetic, 34, 64, 126
Direct laser writing, 36, 121, 126
resolution, 121
voxel aspect ratio, 121
Dispersion, 28, 113
Dissymmetry factor, 66
enhanced, 69
experimental, 69
Doughnut mode, 68
Drude model, 14–18
parameters, 15
E
Eigenpolarization, 27, 32, 95, 96, 141
Electric displacement field, 12
Electric field, 12, 13, 26, 62, 63, 70, 116
enhanced, 51, 56, 77, 79, 83, 103, 105,
122, 137
Electric permittivity, see permittivity
Electromagnetically induced absorption, 31
Electromagnetically induced transparency,
31
Electron-beam induced deposition, 36, 121
Electron-beam lithography, 35
Electrostatic approximation, 16
Elliptical birefringence, 32
Elliptically polarized light, 47
Ellipticity angle, 142
molar, 142
Enantiomer, 5, 11, 124
nomenclature, 30

Index
Enantiomer discrimination, see chiroptical
spectroscopy
Enantiomorph, 5, 6, 8, 9, 11
Enantiomorphic fields, 63, 66, 71, 87, 88, 90,
91, 139, 148
in locally chiral lattice, 98
near achiral structure, 88, 111
near plasmonic racemate, 89, 90, 134
Enantioselectivity, see dissymmetry factor
Energy density, 63, 87
electric, 65–68
magnetic, 65, 66
Epimer, 30
Evanescent wave, 69
Extinction cross section, 118, 120, 121

F
Fano resonance, 31
Faraday rotator, 47
Field enhancement, see electric field,
enhanced
Finite element method, 72, 145, 146
mesh, 146
Fischer projection, 30
Fourier modal method, 72, 145–146
adaptive spatial resolution, 145
coordinate transformation, 146
factorization rules, 145
Fröhlich’s condition, 17

G
Gammadion, see plasmonic nanostructure,
gammadion
Gap antenna, see plasmonic nanostructure,
dimer
Glancing angle deposition, 36, 89, 120

H
Handedness, 5, 9, 11
coordinate system, 13
intuitive, 6, 13, 29, 84, 147
measure, 9–10
Harmonic oscillator, 13, 16, 18, 20
coupled, 18, 20, 22
Helicity, 63
Helix, 6, 8–10, 13, 31, 147
Hertzian dipole, 103
electric field, 103, 105, 109
magnetic field, 103, 109
optical chirality, 104, 106, 109
Hot-spot, 51, 52, 77, 88
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chiral, 55–57, 69, 72, 87, 92, 100, 120,
139
Hybrid mode, 19, 21, 35, 84

I
Induced circular dichroism, 48–52, 56
distance dependence, 51
Induced current, see current distribution
Interband transition, 14, 16
Inversion center, 7
Ion-beam induced deposition, 36, 126

J
Jones vector, 12, 67, 68, 105

K
Kramers-Kronig relations, 28

L
Layer-by-layer deposition, 51
Left-handed, see handedness
Lightning-rod effect, 77
Linear birefringence, 47
Linearly polarized light, 12, 73, 106, 109
in chiral medium, 27
optical chirality, 67
Linear medium, 12, 25
Lipkin’s zilch, 62
Localized plasmon, see plasmon
Locally chiral lattice, 96, 138, 139
element, 95–97, 100
minimal unit cell, 96–97
optical chirality, 98–100
position, 95, 96, 98
Local optical chirality, see optical chirality,
density
Lock-in detection, 44, 87
Lorentz model, 16, 18, 21, 22, 24

M
Magnetic field, 12, 26, 63, 64, 70, 116, 148
Magnetic field strength, 12, 148
Magnetic permeability, see permeability
Maxwell’s equations, 11
Metallic nanoparticle, see plasmonic nanostructure
Mie theory, 49, 50
Mirror plane, 7, 8, 94, 111
Mirror plasmon, 126
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Mirror symmetry, 32, 35, 90, 96
Molar extinction coefficient, 142
Monochromatic field, 12, 13, 62–64, 147
Multipole moment, 55

N
Nanoantenna, see plasmonic nanostructure
Nanohelix, see plasmonic nanostructure,
helix
Nanospiral, see plasmonic nanostructure,
spiral
Nanosquare, see plasmonic nanostructure,
square
Natural optical activity, see optical rotatory
dispersion
Normal mode, 21, 22, 29, 33
Numerical investigation, 55, 69, 71, 114, 145
convergence, 146
frequency domain, 72
issues, 62, 87, 148, 152
mesh constraints, 71
relative error, 148

O
Optical activity, see optical rotatory dispersion
Optical chirality, 61
continuity equation, 62, 65, 106, 137
density, 62, 63, 65, 66
enhanced, 56, 72, 83, 84, 103, 121
experimental, 70
flux, 62, 66
handedness, 68, 72
normalization, 72, 147–148
of plasmonic nanostructure, 70, 116, 137
symmetry properties, 63
Optical rotatory dispersion, 28, 45, 48
instrumentation, 45
weak value measurement, 46
Optical tweezer, 66
Optomechanical force, 66
Out of phase, see phase shift

P
Parity inversion, 63, 64, 88, 90, 117, 124
Parity violation, 11
Particle plasmon, see plasmon
Perfect electric conductor, 127, 129, 130,
132, 146
Permeability, 12, 24
Permittivity, 12, 14, 16, 17

Index
Phase difference, 67, 70, 101, 104, 112, 115
Phase shift, 17, 103–105, 109, 116
Phase velocity, 27
Plane wave, 12, 23, 26, 103, 105
electric field, 67
magnetic field, 67
optical chirality, 67, 68
superposition, 67, 69
Plasma frequency, 14, 17, 24
Plasmon, 16
coupling, 18, 20, 31, 33, 34, 98, 119, 120,
122, 126, 132, 134
hybridization, 18, 19, 21, 31, 33, 82, 119
mode, 35, 73, 77, 81, 98, 103, 116, 126,
146
Plasmon-exciton coupling, 47
far-field, 50
near-field, 48
off-resonant, 48, 52
resonant, 48, 51, 52
Plasmonic molecule, 5, 31, 33
Plasmonic nanostructure, 13, 16, 31, 70, 141
chiral dimer, 33–34, 56
chiral oligomer, 31–33, 35, 54, 94, 97
cluster, 52
cross, 101
cube, 51
dimer, 19, 34, 51, 52, 56, 88
fabrication, 35–36, 72, 82, 94, 95, 120,
122, 126, 135, 139
gammadion, 56, 69, 94
helix, 20, 35, 141
loop-wire, 118
multiple helices, 118, 121, 126, 141
multiple slits, 126
rod, 18, 70, 104, 117
sphere, 16–18
split-ring resonator, 34, 69
stacked split-ring resonators, 84
Plasmonic racemate, 88, 94, 124, 138, 139
chiral oligomer, 92
helix, 89–90, 92
spiral, 92–94
Polarizability
electric, 16, 19, 64, 103, 110
magnetic, 64
mixed electric-magnetic, 64, 65
of spherical nanostructure, 16
Polarization, 12, 26, 72
angle, 12, 27, 109
circular, see circularly polarized light
elliptical, see elliptically polarized light
linear, see linearly polarized light

Index
Poynting vector, 67, 148
Poynting’s theorem, 62
Propagation constant, see wave vector
Purcell effect
chiral, 47

R
Rabi splitting, 48
Racemate, 67, 88, 134
Racemic mixture, see racemate
Raman optical activity, 46
Rayleigh anomaly, 95
Rayleigh limit, 49, 55
Reflectance, 127, 129, 130, 141
Refractive index, 12, 27, 46, 47
grating, 112
matched, 112
Resonance
higher-order, 35, 100, 117
molecular, 21, 28, 45, 113
plasmonic, 16–18, 48, 49, 73, 82, 98, 104,
138, 140
shift, 114, 119, 129
vibrational, 45, 46
Restoring force, 13, 21
Retardation, 18, 22, 50
Right-handed, see handedness
Rigorous coupled wave analysis, see Fourier
modal method
Ring current, 34
Rod antenna, see plasmonic nanostructure,
rod
Rotational symmetry, 7, 8, 96, 101, 141

S
Scattered field, 71, 73, 77, 103, 105, 112, 117
Scattering, 28, 141
cross section, 121
Self-assembly, 36, 50, 54, 121
Self-heterodyne measurement, 47
Signal-to-noise ratio, 44, 47, 66, 88, 95, 139
Source view convention, 13, 147
Spatial dispersion, 23, 102
Speed of light, 12
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Spherical wave, 68
Spin angular momentum, 63
Spiral, 8
Split-ring resonator, see plasmonic nanostructure, split-ring resonator
Standing wave, 68
dissymmetry factor, 69
electric energy density, 68
magnetic energy density, 69
optical chirality, 68
Stereometamaterial, see plasmonic nanostructure, stacked split-ring resonators
Supercell, 32, 33, 88, 89, 91, 92, 94
Superchiral light, see dissymmetry factor,
enhanced
Surface-enhanced infrared absorption spectroscopy, 47

T
Transmittance, 127, 130, 141

U
Ultraviolet, 30, 45, 48, 49, 113

V
Vibrational circular dichroism, 45, 140
Volume rendering, 152, 153

W
Wave equation, 12, 26
chiral, 26
Wave vector, 27
Weak chirality limit, 24, 25, 28
Weak interaction, see parity violation
Weak value, 46
Weak value measurement, 46
post-selection, 46, 47
pre-selection, 46

Z
Zilch, see Lipkin’s zilch

