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Section S1. Simulation construction for rounded gold tetrahedron

We adopted an approach reported in the literature [S1] to construct tetrahedral nanoparticles with 
rounded edges and vertices.

First, a gold tetrahedron is created in Lumerical FDTD software. The obtained gold tetrahedron, 
without rounded vertices and edges, is shown below:

Figure S1. Schematic gold tetrahedral nanoparticle without rounding under different views.

Next, in order to round the gold tetrahedron by a radius r, six air cylinders are used to remove the 
sharp edges and vertices. The six air cylinders have a radius of  and a length of (a+10 nm) 2𝑟
where a is the tetrahedron edge length. The coordinates for the six air cylinders are listed below:

 Top: (0, 0, a/4) with a rotation around the x axis by 90°2

 Bottom: (0, 0, - a/4) with a rotation around the y axis by 90° 2

 Left1: (-a/4, -a/4, 0) with a rotation around the y axis by 30° and the x axis by 35.26°
 Left2: (-a/4, a/4, 0) with a rotation around the y axis by 30° and the x axis by -35.26°
 Right1: (a/4, -a/4, 0) with a rotation around the y axis by -30° and the x axis by 35.26°
 Right2: (a/4, a/4, 0) with a rotation around the y axis by -30° and the x axis by -35.26°

The obtained gold tetrahedron with removed sharp edges and vertices is shown below: The cyan 
lines represent the air cylinders. 

.



Figure S2. Schematic gold tetrahedral nanoparticle where edges and vertices are removed by six air 
cylinders under different views.

Subsequently, six gold cylinders with both ends rounded by a radius of r, which is the same as the 
rounded radius of the gold tetrahedron, are used to create rounded edges and vertices on the gold 
tetrahedron. The six gold cylinders have a radius of r and a length of (a-8r/ +2r). The coordinates 3
for the six gold cylinders are listed below: The cyan and the yellow lines represent the air cylinders 
and the main body of a gold tetrahedral nanoparticle.

 Top: (0, 0, a/4- r) with a rotation around the x axis by 90°2 3

 Bottom: (0, 0, - a/4+ r) with a rotation around the y axis by 90°2 3

 Left1: (-a/4+2r/ , -a/4+2r/ , 0) with a rotation around the y axis by 30° and the x axis 3 3

by 35.26°
 Left2: (-a/4+2r/ , a/4-2r/ , 0) with a rotation around the y axis by 30° and the x axis by 3 3

-35.26°
 Right1: (a/4-2r/ , -a/4+2r/ , 0) with a rotation around the y axis by -30° and the x axis 3 3

by 35.26°
 Right2: (a/4-2r/ , a/4-2r/ , 0) with a rotation around the y axis by -30° and the x axis 3 3

by -35.26°

The obtained gold tetrahedron rounded by a radius of r is shown below:



Figure S3. Schematic gold tetrahedral nanoparticle with rounded edges and vertices under different 
views.

The above process for the creation and rounding of the gold tetrahedral nanoparticle has also 
been added in detail to the supporting information section 1: “Simulation construction for 
rounded gold tetrahedron”. 

Section S2. Optimal mesh size determination

In order to identify the optimal mesh size for simulations, the extinction spectra for the gold 
tetrahedral nanoparticle with an edge length of 30 nm without any rounding under different mesh 
sizes were calculated. The optimal mesh size is identified to be 0.2 nm, as shown in Figure S4. 



Figure S4. Extinction spectra for the gold tetrahedral nanoparticle with an edge length of 30 nm without 
any rounded under different mesh sizes. The optimal mesh size for simulation is thus identified to be 0.2 

nm.

Section S3. Extinction spectra for a gold tetrahedral nanoparticle with varying edge lengths

The extinction spectra for a gold tetrahedral nanoparticle with an edge length of 20 nm, 30 nm, 
40 nm, 50 nm, 60 nm, and 70 nm are shown below as compared to the counterparts with a 
rounded radius of 0.5 nm.

Figure S5. Extinction spectra for gold tetrahedral nanoparticles with a rounded radius of (a) 0 nm and (b) 
0.5 nm. The edge length studied for the gold tetrahedral nanoparticles includes 20 nm, 30 nm, 40 nm, 50 

nm, 60 nm, and 70 nm. 

Section S4. Surface polarization charge distributions of normal modes

The surface polarization charge distributions for the identified eleven normal modes on a gold 
tetrahedral nanoparticle with an edge length of 30 nm are shown below.





Figure S6. Surface polarization charge distributions for the identified eleven normal modes on a gold 
tetrahedral nanoparticle with an edge length of 30 nm. The three orthogonal polarization directions along 

with the legend are shown on the left side of the figure. 
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