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The importance of nanogaps
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[ The importance of fumed silica }

Fumed silica becomes SERS template for gold deposition
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Objective

» To Investigate LSPR properties of SERS substrate, formed by
highly porous silica-gold core-shell network structures

» study the resulting plasmonic resonance behaviors, as well as
the electric field enhancement factor and absorptance.

» Effect of geometric parameters are including silica particle size,
gold thickness and particle density
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Maxell’'s wave equation

Solve for E
VXu2(VXE)—kéile,—— |E =0,

o : electrical conductivity

U, : relative permeability
€, : relative permittivity

n =l U =1

N jo ~ 2
€ =€, _a)_eo E(x,y,z) = E(x,y)e /*z?
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Read geometry parameters

Calculate no. of particles

from fill factor

Create an initial particle

Increase loop count of " Initial for loop. yes
particle Is no. of particle > total particles? End method

Random the position of particle’s center
connected to the existing particle

Checking if any
particle overlap

Checking if the position is
out of regime

Generate a SiO2-gold core-shell $:
particle
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Choose the module
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Define parameters

Lambda Sweep Incidents lambda of
300-1500 nm electromagnetic wave
N, 1 Refractive index of air
Nilica Equation Refractive index of silica
Ngoid Build-in parameter  Refractive index of gold
Pic 2.6544E-9 W Incidents power

Refractive index of silica

0.696166312 0.407942672 0.89747947?

5] =
2 A2 —0.0684043% + A2 —0.11624142 i A2 —9.896161%

C. Z. Tan. Determination of refractive index of silica glass for infrared wavelengths by IR
spectroscopy, J. Non-Cryst. Solids 223, 158-163 (1998)

Refractive index of gold

Wavelength

7.80E-07
7.85E-07
7.90E-07
7.95E-07
8.00E-07

Refractive index

4.61086642
4.65225188
4.69352994
4.73470422
4.77577819
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Absorption spectra of SERS substrate with
various packing density of silica particles.
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The simulation result shows |E|* distribution on a SERS substrate, excited by a vertical wave incident.
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Conclusion

0 COMSOL® program can be use to simulate electric field and optical
spectrum of complex plasmonic structure.

O The numerical results confirm that most of the geometry structures support
strong LSPR in NIR spectrum range

O The optimized structure involves primary silica diameter 18 nm, gold
thickness 3 nm, packing density 0.3, which yields enhancement up to 10’

Future work F@

O Need to compare the results with the experiment. -
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