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Abstract
Chiral linear assemblies of plasmonic nanoparticles with chiral optical activity often show low
asymmetry factors. Systematic understanding of the structure-property relationship in these
systems must be improved to facilitate rational design of their chiroptical response. Here we
study the effect of large-area interparticle gaps in chiral linear nanoparticle assemblies on their
chiroptical properties using a tetrahelix structure formed by a linear face-to-face assembly of
nanoscale Au tetrahedra. Using finite-difference time-domain and finite element methods, we
performed in-depth evaluation of the extinction spectra and electric field distribution in the
tetrahelix structure and its dependence on various geometric parameters. The reported structure
supports various plasmonic modes, one of which shows a strong incident light handedness
selectivity that is associated with large face-to-face junctions. This works highlights the
importance of gap engineering in chiral plasmonic assemblies to achieve g-factors greater than
1 and produce structures with a handedness-selective optical response
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factors1,4. Efforts to correlate geometric chirality with the
observed chiral properties are now on the rise because
understanding the structure-property relationship in these
assemblies is crucial for designing materials with desired
optical responses. While numerous numerical and analytical
models have been extensively developed to predict and
understand the optical properties of plasmonic
nanostructures5,6, plasmon-induced chiroptical properties
have been relatively less studied, and limited understanding of
the effect of structural parameters on the chiroptical response
exists to date. Rational design of efficient chiral plasmonic
systems necessitates expanding our understanding of this
phenomenon.

Introduction
Chiral assemblies of plasmonic nanoparticles are known
for strong circular dichroism (CD) and can exhibit enhanced
optical asymmetry in linear nanoparticle assemblies with
long-range organization often referred to as plasmonic
polymers1,2. Both discrete nanostructures and stimuliresponsive self-assembled structures with plasmonic chirality
have applications in various fields ranging from chemical
sensing, circularly polarized photocatalysis, photothermal
therapy, chiral recognition or separation, and information
storage3,4. Specific applications that are attracting increasing
attention include chiral sensing for discriminating the
handedness of single chiral molecules and drug discovery
protocols based on chiroptical spectroscopy in the nearinfrared part of the spectrum to avoid interference of most
biomolecules, and both of these applications require high g-
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Figure 1. The effect of the number of units on the optical behaviour of left-handed linear face-to-face assembly of Au nanotetrahedra with
gap size of 2 nm and unit size of 60 nm (FDTD results): explored set of geometries showing the position of the structures with respect to the
CP light illumination (a) and corresponding extinction spectra (b) and g-factors (c). RCP – black, LCP – red.

synthesis15–17 and self-assembly18 methodologies over the past
decade.
The collinearity of the chain and interparticle angles in
these linear assemblies can be controlled by the ligand
chemistry19, which determines how flexible the junctions are,
or by the geometry of individual plasmonic building blocks in
the chain20. For example, linear face-to-face assemblies of

At the single particle level, it has been recently shown on
the series of geometrically distinct helicoid nanoparticles that
the optical properties of chiral nanoparticles depend strongly
on subwavelength plasmonic gaps within their structure. 7
Specifically, geometrically well-defined nanoparticles that
contain chiral groves exhibit a stronger and redshifted
extinction and chiral response with narrower and deeper
plasmonic gaps: decreasing the grove width and increasing the
grove depth led to increasing g-factors above 0.7. Meanwhile,
the effect of gap geometry in nanoparticle assemblies on their
chiroptical properties has not been explored to date. At the
same time, gap geometry is known to have a strong effect on
the optical properties of achiral plasmonic polymers (or linear
nanoparticle assemblies)8. Plasmonic coupling in the far-field
in various linear and non-linear assemblies has been
extensively studied in the past decade both experimentally and
using numerical approaches5,8–11.
A side-selective ligand modification of anisotropic
plasmonic nanoparticles followed by their self-assembly can
lead to linear plasmonic assemblies 12. Alternatively, linear
nanoparticle assemblies, or plasmonic polymers, are being
routinely obtained from plasmonic metal nanoparticles using
either salt-induced self-assembly13 or poor solvent
introduction approach14. In these cases, linear arrangement of
constituent nanoparticles is enabled by tuning the attractive
and repulsive forces between the nanoparticles in colloidal
solutions13,14. Such controllable linear self-assembly of
nanoparticles with various platonic and non-platonic shapes
became possible due the advancements in nanoparticle

Figure 2. The field intensity around left-handed Au tetrahedra chain
plotted using FEM method (30 units, 60 nm edge length, 2 nm gap)
under LCP light at 556 nm (a), 608 nm (b), 756 nm (c), and 968 nm
(d).
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Figure 3. The effect of unit size on the optical behaviour of linear face-to-face assembly of 30 Au nanotetrahedra (full pitch) shown in the
inset. (a,b) FDTD-calculated extinction spectra (a) and g-factor (b) of tetrahelixes comprised of Au nanotetrahedra with rounded edges (4 nm
radius), interparticle gap between the adjacent faces of 2 nm, and unit side length of 30 nm, 40 nm, 50 nm and 60 nm.

plasmonic nanocubes with nanometer-scale gaps between
adjacent faces demonstrate high chain collinearity and large
volume of plasmonic hot spots compared to linear assemblies
of spheres, and also exhibit an additional Fabry-Perot coupling
mode9,20. Specifically, the linearity of the chain was enabled
by tuning attractive and repulsive forces13,14, while optimizing
ligand-to-particle size ratio facilitates face-to-face junctions
and control over the gap size20.
This approach of programming the overall geometry of
multiparticle assembly by the shape of building units can in
principle be extended to chiral linear assemblies. Highperformance plasmonic systems reported to date are typically
comprised of spherical or rod-like nanoparticles that are
coupled by linker molecules, such as DNA, to maintain their
conformations and achieve the enhanced responses. Using this
approach, interparticle junction geometry design can in
principle be realized by replacing the building blocks with
shaped nanoparticles containing extended faces modified to
favor their affinity to each other. Alternatively, the
methodology used for linear face-to-face assembly of
nanocubes described above can be extended to specific twistinducing shapes, such as tetrahedra, which intrinsically lead to
chiral structures (tetrahelices)21. In fact, self-assembly of
tetrahedral nanoparticles into a tetrahelix, also called Bernal
spiral or Boerdijk-Coxeter helix, has been reported for
quantum dots22, suggesting a potential feasibility of forming
chiral plasmonic polymers from tetrahedral building blocks.
In addition to being a synthetically attainable geometry,
tetrahelix (with or without interparticle gaps) is the simplest
linear assembly of platonic shapes with structural chirality,
and thus it represents a perfect model for studying an effect of

face-to-face interparticle gaps in chiral linear assemblies on
their chiroptical properties. Furthermore, a comparative study
of tetrahelices with and without gaps presents an opportunity
to disambiguate the effects of the periodic gaps and the overall
structural twist on the plasmonic polymer interaction with
incident light.
Here, we study optical responses of chiral structures with
and without interparticle gaps formed by linear face-to-face
assembly of nanoscale tetrahedra using computational
electrodynamics based on finite-difference time-domain
(FDTD) and finite element method (FEM) solutions. We
explore the effect of multiple structural parameters, including
the particle size, interparticle gap and the number of particles
in the chain on the optical response and electric field (E-field)
profiles under left- and right-handed circularly polarized light.
In this study, the tetrahelical tetrahedra assembly containing
nanometer-scale interparticle gaps was also compared to an
analogous continuous tetrahelix without gaps to separate the
effect of the overall geometry chirality from that of the
periodic and chiral interparticle gaps. We found that
tetrahelical plasmonic polymers demonstrate a unique
handedness selectivity in far-field with high asymmetry gfactor, and we here show how it originates specifically from
the gap geometry, highlighting the importance of gap
engineering in chiral plasmonic assemblies.

Results and discussion
To explore the effect of structural parameters on the
chiroptical response in a plasmonic tetrahelical polymer, we
studied structures with various unit size (30-60 nm side
length) and interparticle gap (0 nm, 2 – 6 nm). Individual units
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structures reported in recent literature are summarized in
Table S1.
A one-dimensional packing of tetrahedra given by their
linear face-to-face arrangement comprising a tetrahelix results
in a chiral structure starting from 4 units, whereas 2- and 3unit chains are achiral due to the presence of planes of
symmetry (Figure 1a). Figure 1b shows optical spectra under
left-handed and right-handed circularly polarized light (LCP
and RCP, respectively) corresponding to tetrahelices with
different number of units up to 30. A tetrahedron has a single
dominant peak associated with high E-fields at the particle
vertices (Figures S2-3, Supporting Information). Starting from
2 units, the chains exhibit two high-energy adjacent peaks
around 600 nm (peaks 1,2 in Figure 1b), which correspond to
the transversal and longitudinal coupling modes of a dimer,
respectively (Figure S4). These two coupling modes are
typically observed in assemblies of plasmonic nanoparticles
regardless of the presence of chirality8,26. The highest energy
mode (peak 1) shifts to 556 nm for the chain unit number (Xn)
of 3 and does not noticeably change its position while
increasing in intensity with growing Xn; the lower energy
mode (peak 2) blue-shifts and does not significantly change in
intensity with increasing Xn and has some sensitivity to the
handedness of light, but only for short chains with Xn<10. The

had rounded corners to avoid non-physical behaviour at the
edges15. Furthermore, we only considered interparticle gaps
no less than 2 nm or no gaps at all, to exclude the influence of
quantum effects that are present in interparticle gaps of around
1 nm or less23,24. For gap distances less than 1 nm, quantum
effects such as electron tunnelling or nonlocal screening must
be considered to accurately describe the plasmonic response,
which can only be taken into account using ab-initio
approaches or model descriptions instead of the classical
Maxwell’s equation, which was beyond the scope of this
work24.
A complete tetrahelix pitch corresponds to a 30-unit chain.
To evaluate the chiroptical properties of the structures, we first
performed the extinction spectra simulation for these
structures, which was then applied to calculate their CD. To
quantify the magnitude of CD, we calculated Kuhn’s
asymmetry factor, known as g-factor, which is defined as the
difference in left and right circularly polarized light
extinctions normalized to the unpolarized extinction and
enables quantitative comparison of different systems in terms
of their chiroptical properties25 (see the calculation details in
Methods). The correlation between the geometry and g-factor
for the highest reported g-factors in chiral plasmonic

Figure 4. The effect of gap size on the optical behaviour of linear face-to-face assembly of 30 Au nanotetrahedra (full pitch) calculated using
FDTD. (a) Extinction spectra of tetrahelixes comprised of 60 nm Au nanotetrahedra with rounded edges (4 nm radius) and interparticle gap
between the adjacent faces of 2 nm, 3 nm, 4 nm, 5 nm, 6 nm and 0 nm or no-gap tetrahelix structures formed of 60 nm Au nanotetrahedra with
rounded edges (4 nm radius) and touching faces resulting in slight grooves at the particle junctions due to edges roundness and analogous
structure where the groves at the junctions are smoothened. Cartoons on the right depict corresponding structures. (b) g-factors of corresponding
tetrahelices with 2-6 nm gaps (note that no-gap structures have negligible g-factor values).
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main mode (peak 1) can be attributed to E-field concentration
at the corners formed by adjacent vertices, while peak 2 is
associated with the external vertices at the ends of the chain
and interparticle coupling (to the lesser extent), as can be seen
on the example of a tetrahedra dimer (Figures S4,5,
Supporting Information) as discussed further below.
Starting from 4 units (Xn=4), another peak (peak 3 in Figure
1b) is present in the 700-850 nm range. Finally, a peak at 968
nm (peak 4) becomes distinct at Xn≥10 and shows selectivity
towards the handedness of circularly polarized light appearing
only when the handedness of light matches that of the chiral
chain, resulting in in a high asymmetry g-factor >1 (Figure
1c). Our findings suggest that the long-range linear assembly
of chirality-inducing geometric building blocks such as
tetrahedra is a promising approach to boost optical asymmetry
in plasmonic polymers with small interparticle gaps.
Similarly, Lu et al. reported that chiral self-assembly of gold
nanorods with long-range order of interparticle gaps shows
very high optical asymmetry by overcoming the unfavorable
combination of electrical and magnetic field components 1.
The g-factor of the tetrahelix structure studied in this work is
greater than one, which is the highest g-factor reported to date;
recently reported chiral plasmonic structures with top gfactors including nano-helicoid, nano-helix, and a chiral
nanorod dimer are summarized in Table S1.
The nature of the plasmonic modes in a tetrahelix with gaps
can be better understood from the analysis of the E-field
distribution maps (Figure 2) for a full-pitch linear assembly of
60 nm units with 2 nm gaps, which corresponds to the 30-unit

spectrum shown in Figure 1b. The largest peak at 556 nm
(Figure 2a) is associated with light concentration at the corners
and edges of the structure. The lower energy peaks correspond
to plasmon coupling due to the interparticle electrostatic
dipole-dipole interaction, as can be seen from the E-field hot
spots located between the particles (Figure 2b-d). The mode at
608 nm is associated with E-field concentration between
adjacent particles near the tetrahedra vertices, while peaks at
756 nm (Figure 2c) and 968 nm (Figure 2d) correspond to
more widespread E-field enhancements in the gaps. Moreover,
the latter lowest energy peak results in E-field hotspots
distribution closely following the chiral twist of the tetrahelix
chain, while the 756 nm mode corresponds to the strongest and
largest area hotspot formation with a weak correlation of their
distribution with the structural twist.
Importantly, the lower energy peaks (with wavelength
above 650 nm) can only be observed when the size of the
tetrahedron is sufficiently large (Figure 3). For the tetrahelix
comprised of 30 nm tetrahedra, the main high-energy (556
nm) peak with two red-shifted shoulders can be seen, while
for 40 nm tetrahedra chain a handedness-selective response
emerges at 760 nm (Figure 3a), which is indicated as peak 4.
With further unit size increase, this handedness-selective peak
red-shifts and becomes more pronounced, while the secondary
coupling mode (corresponding to peak 3) increases in
intensity much more rapidly and also red-shifts. This
behaviour is reflected in increasing g-factor values with
increasing particle size (Figure 3b), which also show
significantly higher optical asymmetry of the lowest energy

Figure 5. The dependence of local E-field and surface charge distribution in tetrahelices on the handedness of circularly polarized light
shining along the tetrahelix (FEM simulations). (a,b) The asymmetric response of ELCP and ERCP in a linear face-to-face assembly of 30 Au
nanotetrahedra with 60 nm unit size and 2 nm gap size is displayed by 3D maps of E-field hotspots (a) showing E-field values above 7 V/m
for 968 nm excitation and above 12 V/m for 756 nm (the orientation of the tetrahelix in shown in the inset) and 2D cross-sectional maps of
the difference in E-fields under LCP and RCP light illumination along the chain at 756 nm and 968 nm (b). (c) Charge distribution at the
particle surface of the same tetrahelix at 756 nm and 968 nm LCP and RCP light illumination.
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peak 4 compared to that of peak 3. This data reveals two types
of coupling modes in chiral face-to-face interparticle gaps,
both of which require a large area junction to appear.
The coupled plasmonic modes in the far-field are also very
sensitive to the interparticle distance in the tetrahelical
plasmonic polymer, with the handedness-selective lowest
energy mode (peak 4) being more sensitive than the secondary
coupling mode (peak 3). When the interparticle distance
decreases from 6 to 2 nm (Figure 4a), these peaks red shift,
which can be explained by a stronger dimeric plasmonic
coupling. At the same time, g-factor gradually increases with
decreasing interparticle gap. Overall, the g-factor magnitude
of the tetrahelix shows a strong dependence on the length, unit
size, and the gap distance of the chiral assembly, while the
peak position of the g-factor only depends on the unit size and
gap distance. A similar trend was observed in the study of the
CD spectra for the chiral assembly of gold nanorods by Lu et
al.1 When the tetrahedra in the chain are brought in direct
contact (i.e., tetrahelix with no gaps), in contrast to the series
of structures with gaps, only two high- energy overlapping
peaks are observed (Figure 4a), at the wavelengths
corresponding to E-field concentration at the adjacent vertices
(peak 1) and in grooves between adjacent vertices (peak 2).
The presence of the latter is due to the fact that tetrahedra
corners were rounded in these simulations to avoid nonphysical behaviour; when we smoothed the junctions in the
tetrahelix with no gaps, a single peak was observed in the
extinction spectrum. The optical responses of these reference
structures with no gaps further support the association of the
plasmonic modes corresponding to peaks 2-4 in tetrahelices
with the gaps present in these structures.
This data clearly shows the importance of gaps and large
interparticle areas for designing structures with a strong
chiroptical response. Note that g-factor corresponding to
mode 3 in the extinction spectra (Figure 4), which has a profile
with positive and negative peaks commonly observed in
chiroptical assemblies1, is overshadowed by an
unprecedentedly high handedness-selective g-factor (>1)
associated with the additional low-energy mode 4. In the
structure studied here, the gaps can be considered separately
from the overall structure and a chirality of this periodic gap
structure clearly correlates with a strong chiroptical response.
Figure 5a shows the distribution of E-field hotspots in the gaps
and around the tetrahelix structure with interparticle gaps,
demonstrating an evident handedness selectivity of E-field
enhancement when excited at 968 nm (lowest energy peak).
The concentration of this E-field enhancement in the
interparticle gaps can be clearly seen in the cross-sectional
image of E-field difference at LCP and RCP excitation (Figure
5b). This handedness-selective behaviour can be linked to the
surface charge density distribution in the particle chain: the
LCP light excitation at 968nm results in charge density
following the twist of the left-handed structure and is aligned

with it (with each particle being a dipole), whereas the RCP
light excitation results in charge density distribution rotating
against the structural twist (Figure 5c). At 756 nm LCP and
RCP light excitation, the charge density distribution is more
complex, resulting in higher order plasmonic modes in each
particle, with little correlation between the charge distribution
and structural twist.

Conclusions
In summary, we explored chiroptical properties of linear
face-to-face assemblies of tetrahedra with large interparticle
gap areas and determined new structure-property relationships
for chiral plasmonic polymers. We found that the interparticle
gaps formed by large parallel faces of adjacent tetrahedra lead
to multiple plasmonic coupling modes, including a unique
mode in the far-field with handedness selectivity and g-factors
larger than 1. This selectivity towards circular light
polarization matching the handedness of the tetrahelix
assembly is linked with the particle surface dipolar charge
distribution following the twist of the assembled structure and
high E-fields in the gaps. The higher energy mode
corresponding to the highest E-field enhancement results in a
lower asymmetry g-factor similar to that reported for chiral
assemblies of nanoparticles with rounded junctions and is
associated with multipolar excitation in individual units of the
chain. The handedness selective mode showed a strong
wavelength dependence on the particle size and gap distance,
highlighting the importance of large area contact for a strong
selective chiral response.
This detailed study contributes to the development of
universal design principles to intuitively predict the
relationship between structural chirality and the optical chiral
response. Specifically, we highlight the importance of
interparticle gaps with large coupling areas in chiral plasmonic
assemblies for enabling a strong chiroptical response in the
overall structure. This critical design consideration has been
previously overlooked in chiral nanoparticle assemblies
reported to date. These findings shed light on the structureproperty relationship in plasmonic polymers and are expected
to expedite further developments in the field of chiral
plasmonics, including chiral sensing.

Methods
Electromagnetic simulations
Electromagnetic simulations of extinction (𝜎𝑒𝑥𝑡 ), CD, and
g-factor spectra were performed using the commercial finitedifference time-domain (FDTD) solver from Lumerical
(Ansys). The electric field and charge density distributions
were obtained using the finite-element-method (FEM) solver
from COMSOL Multiphysics. For FDTD simulations, the
formalism of total-field scattered-field (TFSF) was utilized to
calculate the scattering and absorption cross-sections. We
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introduced two 3D analysis groups, or boxes of power
monitors: one inside the TF region for absorption analysis and
the second one in the SF region for scattering analysis (Figure
S1). A mesh override region was introduced with a mesh size
of 0.8 nm, which enclosed the plasmonic polymer assembly
for improved modelling of the structure. For FEM
simulations, meshes were set to be the densest at the area of
the nanoparticle domains as well as the nanoparticle gap
domains, where the minimum element size was 0.8 nm.
For all simulations in this work, the simulation region was
terminated by perfectly matched layer (PML) absorbing
boundaries. The refractive index of the background was set to
1.33 to simulate the aqueous environment, and the refractive
index of gold was taken from the Johnson and Christy
database20. The left- and right-handed circularly polarized
light (CPL) consisted of two TFSF sources with the same Kvector but with a phase difference of 90° for left-handed CPL
(LCP) and -90° for right-handed CPL (RCP).
The 𝜎𝑒𝑥𝑡 spectra were determined by the summation of
scattering ( 𝜎𝑠𝑐𝑎𝑡 ) and absorption ( 𝜎𝑎𝑏𝑠 ) spectra. The
transmission T and absorbance A were described by the BeerLambert law as T= exp(−𝑁𝑙𝜎𝑒𝑥𝑡 ) and A=−𝑙𝑜𝑔10 (𝑇). 𝑙 is
the thickness of the medium for a system, where N is the
particle number density. Based on the absorbance difference,
the CD was approximated as
𝐶𝐷 ≈ (𝐴𝐿 − 𝐴𝑅 )

ln(10)
ln(10) 180
rad = (𝐴𝐿 − 𝐴𝑅 )
deg
4
4
𝜋

where the subscripts L and R stand for LCP and RCP,
respectively7. The 𝑔-factor was defined as21
𝜎

−𝜎

𝑔-factor = 2 𝜎𝑒𝑥𝑡,𝐿 +𝜎𝑒𝑥𝑡,𝑅 .
𝑒𝑥𝑡,𝐿

𝑒𝑥𝑡,𝑅
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Figure S1. FDTD simulation domain setup.
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Table S1. The correlation between the geometry and g-factor for highest reported g-factors in chiral plasmonic structures in the literature to
date.
Structure

Structure description

g-factor

Ref.

Gold nano helicoids with the side length L of 100 200 nm

0.10 to 0.60

1

0.18 to 0.32

1

0 to 0.75

1

0 to 0.25

1

Gold nanohelix with the interparticle distance of 224 nm and a parallel direction with respect to the kvector of incident photons

0.7 to 0.9

2

Gold nanohelix with the interparticle distance d of 224 nm and a perpendicular direction with respect to
the k-vector of incident photons

0.1 to 0.35

2

Gold nanohelix with the interparticle distance d of 224 nm and a averaged 4pi-orientation direction with
respect to the k-vector of incident photons

0.15 to 0.3

2

Nanorod dimer with a 45 deg angle and a gap
distance of 5-13 nm

-0.35 to -0.4

3

Nanorod dimer with a 90 deg angle and a gap
distance of 5-13 nm

-0.1 to -0.15

3

Gold nano helicoids with the gap width W of 10-40
nm

Gold nano helicoids with the gap depth d of 30-100
nm

Gold nano helicoids with the gap angle t of 30-75 deg
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Figure S2. The optical behaviors of individual Au nanotetrahedra under linearly polarized light (LPL). Extinction spectra (a) and field
intensity at 633 nm (b) of individual Au nanotetrahedra under LPL with electric field polarization along vertex-vertex and vertex-face. Vertexvertex means that electric field polarization along the line joining vertex 1 and 2. Vertex-face indicates the electric field polarization along
the line joining vertex 1 and center of plane a.

Figure S3. The optical behaviors of individual Au nanotetrahedra under left-handed circularly polarized light (LCP). Extinction spectra (a)
and field intensity at 633 nm (b) of individual Au nanotetrahedra with the direction of LCP light along vertex-vertex and vertex-face. Vertex-
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vertex means that LCP travels along the line joining vertex 1 and 2. Vertex-face indicates LCP travels along the line joining vertex 1 and
center of plane a.

Figure S4. The optical behaviors of Au nanotetrahedra dimer under linearly polarized light. Extinction spectra of Au nanotetrahedra dimer
for transverse and longitudinal polarizations (a), field intensity around Au nanotetrahedra dimer for transvers polarization at 573 nm (c) and
for longitudinal polarization at 542 nm (b), 652 nm (d), and 865 nm (e).
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Figure S5. The optical behaviors of Au nanotetrahedra dimer under left-handed circularly polarized light (LCP). Extinction spectra of Au
nanotetrahedra dimer with LCP travelling parallel or vertical to the gap (a), the illustration figure of dimer geometry with CP light (b),field
intensity of Au nanotetrahedra dimer at 573 nm (c), 652 nm (d), and 865 nm (e) when LCP travelling parallel to the gap.

Figure S6. The effect of the number of units on the optical behavior of left-handed linear face-to-face assembly of Au nanotetrahedra with
gap size of 2 nm and unit size of 60 nm (FDTD results): the extinction spectra of Au nanotetrahedra with 1 unit, 2 units, 3 units, 4 units, 5
units, 10 units, 15units, and 30 units. Peak 3 remains around 756 nm with increasing Xn starting from 4 units, while peak 3’ appears to blueshift with increasing Xn until it overlaps with peak 3 at Xn=10 and continues to slowly blueshift and decrease in intensity with further increase
in Xn, appearing as a shoulder to peak 3. This pair of peaks (3,3’) is associated with different coupling modes between adjacent particles
(Figures S7,8), and their intensities differ for LCP and RCP light excitation (Figure S6).
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Figure S7. The optical behaviors of Au nanotetrahedra trimer under circularly polarized light. Extinction spectra of Au nanotetrahedra trimer
illuminated by LCP an RCP (a), field intensity of Au nanotetrahedra trimer illuminated by LCP at low-energy wavelength of 803 nm and 882
nm.

Figure S8. The optical behaviors of Au nanotetrahedra tetramer under circularly polarized light. Extinction spectra of Au nanotetrahedra
tetramer illuminated by LCP an RCP (a), field intensity of Au nanotetrahedra tetramer illuminated by LCP at low-energy wavelength of
782 nm, 833 nm, and 918 nm.
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Figure S9. The effective refractive index with the function of the gap size (a) and unit size (b) in linear face-to-face assembly of 30 Au
nanotetrahedra.

Figure S10. The dependence of CD spectra of Au nanotetrahedra assembly on the number of units (a), unit size (b), and gap size (c).
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