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DDSCAT	  Overview	  	  

Simula1on	  Results	  
Future	  Direc1on	  

●  Building bio-sensors based 
on refractive index sensing 
and plasmonic coupling. 

●  Computing electric fields for 
Surface Enhanced Raman 
Spectroscopy (SERS) or 
other field enhanced 
spectroscopies. 

●  Objective is to impact 
bionanotechnology in the 
field of medicine by helping 
scientists understand the 
interactions of light with 
nanoparticles at very small 
length scales. 

Abstract 
 
In the simulation conducted, the response of nanoparticles 
to an incident light is observed. The interaction of the 
electromagnetic radiation with particles is computed 
through the method of Discrete Dipole Approximation 
(DDA) from the program DDSCAT 7.3. In this tool, the 
shape is broken down into dipoles, or polarizable points, 
and the interaction of each dipole with the incoming light is 
quantified separately. Through the simulation tool, the 
spectroscopy of two interacting nanocubes is studied as 
the interparticle separation is increased, the dielectric 
material shifts between a homodimer silver, homodimer 
gold, and a mixed mode with one shape gold and the other 
silver. This process is then repeated with that of 
nanocylinders and nanospheres. The change in the spectra 
field and the electric field, as the shape morphs from a 
cube to a cylinder to a sphere and as the dielectric 
properties of the nanoparticles shift from a homodimer Ag 
or Au to a heterodimer, is then computed. 
 
DDSCAT Approximation 
 
Different simulation programs can be used to examine and 
analyze the various optical properties of objects and their 
light efficiency factors. Surface Plasmon Resonance (SPR) 
is a biosensor method that looks at the positioning of 
nanoparticles made of various composite materials and 
how they affect light scattering in their vicinity. There are 
several methods to mathematically compute this. This can 
be done through Maxwell’s equation of electric fields in 
which different computational methods were derived for 
these nanoparticle systems. Among these are Mei Theory 
and  Discrete Dipole Scattering (DDSCAT). Mei’s Theory 
has been found to perform optimally on spheres which are 
less than 20 nm as the longest diameter. For this reason, 
DDSCAT is needed for arbitrary shapes, which uses the 
Discrete Dipole Approximation (DDA) method. 
 
  

Figure 1 – This is a picture of the 
cube being broken down into dipoles 
each one 1nm cubed. 

Figure 2 – This is an example of one of the 
3-D Electric field output VTKs that comes as 
an option when running the DDSCAT Tool. 

 
Figure 4 – Non-standard 
geometries are critical for 
optimizing nanobio systems as 
can be seen from the extinction 
spectra shown below. 

Figure 5a – The silver cube dimers’ optimal 
wavelength for highest efficiency factor is at 587 
nm and the corresponding picture displayed 
above is the electric field at that point. 

Figure 5c – The silver cylinder dimers’ optimal 
wavelength for highest efficiency factor is at 593 
nm and the corresponding picture displayed 
above is the electric field at that point. 

Figure 6 – These show the difference in 
Electric field maximums (E squared) as 
the composition changes and the gap 
between the dimers increases. 

Figure 5b – The silver sphere dimers’ optimal 
wavelength for highest efficiency factor is at 528 
nm and the corresponding picture displayed 
above is the electric field at that point. 

Figure 3 – The first 
page of inputting the 
parameters of your 
shape/shapefile* 
with options of 
dielectric material, 
refractive index, and 
dipoles per 
nanometer.  
*The option to input 
your own shapefile 
can be done by 
creating 3D objects 
on Maya, Blender, or 
other 3D rendering 
software and using 
the DDAConvert 
Tool to turn the 
shape into dipoles. 


