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Outline

Plasmonics and localized plasmon resonances

Nanoparticles as Theranostics platform

Case study:
1 Detection and identification of metallic nanoparticles (gold nanoshells) inside animal cells

2 Raman SERS application in oncology



Plasmonic properties of metal nanoparticles
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Electronics
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winlire Localized Surface Plasmon resonance and biosensing

Prlnted e/ectromcs

Material Sciences
Polymer solar cells,
Catalysis.

Improving sensitivity and limit of detection,
selectivity in complex biological solutions,
sensitive detection of membrane-associated species,

Medlcme the adaptation of sensing elements for point-of-care

Cancer diagonosis,

oGy diagnostic devices

Blotechnology
Contrast agents,
Bio imaging.

Gold nanoparticles and nanoshells
are appealing model systems for three main reasons
1. Gold is chemically inert and does not oxide
2. Gold has a bulk plasmon resonance meanly in
the visible-NIR part of the spectrum
3. New methods for synthesis now enable a wide
range of shapes and sizes of gold particles
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Nanoparticle
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Cancer Photothermal Therapy (1)

nanoshells %hv
=
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gradient

Tumor

The near-infrared window extends from 750 to 1100 nm is ideal for investigations and treatments
inside tissues: in this region, the combined absorption from hemoglobin and water are minimal

and tissue is maximally transparent to light.
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Cancer Photothermal Therapy (2)
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First case study @ National Research Council of Italy

Near-Field detection of gold nanoshells inside cells
Home-made aperture Scanning Near Optical Microscopy

SNOM laser light
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Air Visible light
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BaTiOs-Gold nanoparticles (120-150nm) inside mouse cells (H9c2)
A=780nm
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Calculation of SNOM penetration depth d; as a
function of the SNOM aperture-NS upper part. The
SNOM aperture is 50nm diameter, the wavelength
A=780nm, the incidence angle is 6=45°.

Source: D’Acunto et al. Applied Optics 2015.
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Second case study

* Raman spectroscopy is a laser light scattering technique

* A form of Vibrational Spectroscopy
* Records vibrations of covalent bonds

* Provides detailed molecular information

* Most sensitive to symmetric bonds
* A good tool for characterizing molecular backbones

* Sensitive to even slight changes in bond angle or strength
* Highly sensitive to geometric structure

* Highly sensitive to stresses in molecules or modifications which impact bond
properties Chandrasekhara Venkata Raman

Nobel Prize 1930

R H
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Raman SERS spectroscopy of cancer cells
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MSC differentiated-osteoblasts vs Osteosarcoma (MG-63) cells

Intensity (arb. units)

12/17/2018

1000 1200 1400 1600 1800 2000

Raman shift (cm™)

Raman Imaging
ThermoFisher DXR2xi

HA = (Cay,(PO,)s(OH),

2000

1800 —

1800 —

1400

1200

1000 -

800 -

800 -

Intensity (arb. units)

400 -

200 -

"
g y \n .
A J\.!\',.‘ivv s ’.F\.'V’\'{ N L

i

i
A

V1P04_

600 700 800 900 1000 1100 1200

Raman shift (cm™!)

Nanoscience and Nanotechnology 2018, Frascati, 18-20

December 2018

16



Gold Nanoshells properties (Supplied by Nanocomposix)
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Conclusive Remarks and Future Perspectives

Metal Nanoparticles a fundamental tool for Nanomedicine

1 Detection and identification of metallic nanoparticles (gold nanoshells) inside animal cells

2 Raman SERS application in oncology for early diagnosis

We have a new tool to study the inner cells dynamics (and for cancer treatments ?)
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