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Introduction

What is plasmon?
Plasmon is a collective movement of charges ...
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Applications

Bio-sensing, photovoltaics, non-linear enhancement, beam shaping,
plasmonic laser, etc.
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Introduction

Localized Surface Plasmon Resonance (LSPR)
Provide a strong field enhancement in a very confined volume
Strong signal enhancement and sensitive to local environment

Why controlling resonance frequency?
To match the applications, working conditions

How?
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Localized Surface Plasmon Resonance (LSPR)
Provide a strong field enhancement in a very confined volume
—> Strong signal enhancement and sensitive to local environment

Why controlling resonance frequency?
To match the applications, working conditions

How? Couple with another particle Couple with a substrate
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Two film-coupled nanoparticle systems

Gold nanoparticles on an oxidized aluminum _
Gold nanoparticles on Al,O; coated gold films _

. .
Gold NP Gold NP
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Why gold nanospheres and Al,O,?

Gold nanoparticles on an oxidized aluminum _
Gold nanoparticles on Al,O; coated gold films _

Gold nanosphere and Al,O; are thermally and chemically stable

' Gold NP ' Gold NP
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_ Film-coupled nanoparticles

Gold nanoparticles on an oxidized aluminum | Lumdeeetal, ACS Nano6, 6301 (2012) |

The first to report chemically tuned
film-coupled nanoparticle resonances
with an inorganic spacer layer
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Film-coupled nanoparticles & UCF
Gold nanoparticles on an oxidized aluminum | Lumdee et al., ACS Nano 6, 6301 (2012)

Microscopy images Scattering spectra
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Good: NP-to-NP resonance control

d scattering? Not quite: small tuning range (585-550 nm)
Ring-shaped scatterifis?

Problem: the native oxide
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Film-coupled nanoparticles @!UCF

Gold nanoparticles on Al,O, coated gold films | Lumdee etal, J. Phys. Chem. € 117, 19127 (2013)

Why a gold film is better than aluminum?
' Gold NP

- No native oxide
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Getting the NP closer to the film
- Larger tuning range

Add Al,O; when needed

Gold NP
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_ Film-coupled nanoparticles

Gold nanoparticles on Al,O, coated gold films | Lumdee etal, J. Phys. Chem. € 117, 19127 (2013)

Getting the NP closer to the film T
—> Larger tuning range 00

—> Add Al,O; when needed 50x -%
objective s
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The process
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' Gold NP

Catch: now the tuning is not on the same NP!

NanoPhotonics and Near-field Optics Group - http://kik.creol.ucf.edu/ 10



http://kik.creol.ucf.edu/

Film-coupled nanoparticles UCF

Gold nanoparticles on Al,O, coated gold films | Lumdeeetal, J. Phys. Chem. €117, 19127 (2013)

Microscopy images

HSi-440C Hyperspectral Imaging (Gooch & Housego) Scattering spectra

0 nm Al,O,4

native AI203

1.0L——0nm !
1.3 nm
— 1.5nm
08F——2.2nm
—3.4nm

06

0.4

0.2

Normalized Scattering (a.u.)

2.2 nm Al,O 3.4 nm Al,O4

0.0} : .
500 I 5é0 I IG(IJO I 6é0 I 760 I 750
Wavelength (nm)
Good: Improve tuning range (690-610 nm)
m - .

A (hm) Butnot NP-to-NP tuning

600 650 700
NanoPhotonics and Near-field Optics Group - http://kik.creol.ucf.edu/



http://kik.creol.ucf.edu/

- Film-coupled nanoparticles

Two film-coupled nanoparticle systems

Gold nanoparticles on an oxidized aluminum
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Gold nanoparticles on Al,O; coated gold films _
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Total tuning range of 140 nm

(690-550 nm = far red to green)
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- Laser irradiation SQ)UCF
Gold nanoparticles on Al,O, coated gold films | Lumdee etal, J. Phys. Chem. € 117, 19127 (2013)

Gold and Al,O, = chemically stable and thermally stable?

for bio-sensing,

i ers
her works using organic spacer lay

To check Indirect verification!
no AI203
1 ) | - 1 . 1
| Before laser _
100 W/mmz ! > : —— After laser
N N o
I I =
I 1\ I g
A\ A\ wn
) . O | . I ) | ) | ]
polarization 500 600 700 800
\u / ‘ Wavelength (nm)
\Y / 1.3 nm ALO,
() ) T T T T T T T
O N
AUNP  ALO) AUNP ALO) 1F 7
(@)]
£
k)
T
[&]
1)
O ] | | I ]
500 600 700 800

Wavelength (nm)

NanoPhotonics and Near-field Optics Group - http://kik.creol.ucf.edu/ 13



http://kik.creol.ucf.edu/

i Summary

Localized surface plasmon resonances of metal nanostructures
- provide confined and high field enhancement
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Applications
Bio-sensing, photovoltaics, non-linear enhancement, beam shaping,
plasmonic laser, etc.

Film-coupled nanoparticle structure
An easy way to control plasmon resonances of nanoparticles (140 nm tuning)
Inorganic spacer layer helps improve stability under laser irradiation
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Questions, comments, suggestions? ©
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