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Plasmónica: Interacción Luz Metal

Aprovechamiento de la interacción luz materia para:

Plasmónica: Interacción Luz-Metal

Aprovechamiento de la interacción luz-materia para:

Id tifi ió tifi ió d t i lIdentificación y cuantificación de materiales

Confinamiento de energía: Hipertermia células solares

Nanofabricación

Confinamiento de energía: Hipertermia, células solares

Nanofabricación

i li iFuncionalización

li i i i di iAplicaciones: Detección, Biodiagnosis, 
análisis del Patrimonio Históricoanálisis del Patrimonio Histórico 



Li ht M tt I t ti M l lLight-Matter Interaction: Molecules
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Prism

Surface Plasmon Resonance (SPR)



SPRSPR isis sensitivesensitive to theto the adsorptionadsorption ofofSPR SPR isis sensitivesensitive to the to the adsorptionadsorption of of 
speciesspecies onon the metalthe metal

Detection of Proteins 
related with:

Tumors

Degenerative Diseases
(Alzheimer, Parkinson, etc.)( , , )



Radiation-NanoMetals Interaction

LaserLaser

Nano-optics



Radiation-NanoMetals InteractionRadiation NanoMetals Interaction

Emission: Scatteringg
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Optical properties of finely divided metals (M. Faraday)

Scattering
Extinction = Absorption + ScatteringExtinction = Absorption + Scattering

Scattering

AbsorptionLaser Beam Metal



Localized Surface Plasmon Resonance: Localized Surface Plasmon Resonance: 
C fi f li h i d d lC fi f li h i d d lConfinement of light into a reduced volumeConfinement of light into a reduced volume

V=0.01 μm3 =107 nm3
V= 1 nm3

Seven orders of 
magnitude tighter!!



NanoplasmonicsNanoplasmonics: An incredible travel to the : An incredible travel to the nanoworldnanoworld
in which light is extremely in which light is extremely shrinkedshrinked

Domestication of light!Domestication of light!Domestication of light!Domestication of light!



Thermotherapypy
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Spectroscopy on Metal Nanoparticles:
Molecule in the presence of Nanostructured Metals with LSPR
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S t i A li tiSpectroscopic Applications: 
SERS (Surface-enhanced Raman Scattering)
SEIRA (Surface enhanced IR Absorption)SEIRA (Surface-enhanced IR Absorption)
SEF (Surface-enhanced Fluorescence) or
SMF (Surface Modified Fluorescence)SMF (Surface-Modified Fluorescence)



Emission Spectroscopy
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ε(ω) = Re[ε(ω)] + Im[ε(ω)]i

Two main conditions of plasmonic materials:

Re[ε(ω)] ≈ -2 ⇒ Plasmon Resonance
Im[ε(ω)] → 0 ⇒ Minimum Resistivity

M t l hi h f lfill th diti A A CMetals which fulfill these conditions: Ag, Au, Cu



Spectroscopic signal gain

Absence of Metal Presence of Metal

Cross-section

SEF

Absence of Metal Presence of Metal

10-18 cm2/mol

10-16 cm2/mol
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10-16 cm2/mol
SEF

SEIRA

Fluorescence

IR 10 cm /mol 10-18 cm2/mol SERRS

10-22 cm2/mol SERS

10-28 cm2/molRaman 10 cm /molRaman



Emission Spectroscopy on Nanoparticles
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SERS: Intensity Enhancement and quenching of 
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Tailoring the nanoparticle morphology

100 nm

200 nm

100 nm



Hot Spots

Acoplamiento plasmónicoAcoplamiento plasmónico



Anisotropic NPs: Two step growing
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Izquierdo-Lorenzo et al Langmuir 28, 8891 (2012)Izquierdo Lorenzo et al Langmuir 28, 8891 (2012)

Garcia-Leis et al. J. Phys. Chem. C 117, 7791 (2013)



Growth Paths
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Core@Shell Nanostars
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Funcionalización de nanopartículas plasmónicas

Nanotubos



i li ióFuncionalización



i li ióFuncionalización
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Nanoparticle Functionalization



Surface Functionalization with Cyclodextrinesy

A) DTC derivatized Cyclodextrins
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B) Functionalization of Ag NPs with DTCD
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Encapsulation with DTCD

Encapsulation of Nandrolone
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NANOPARTÍCULAS DE PLATA FUNCIONALIZADAS CON 
DITIOCARBAMATO DE CICLODEXTRINA, Y SU USO EN LA DETECCIÓN

ULTRASENSIBLE DE NANDROLONA
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Selective detection of pollutants by Raman
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Detección de contaminantes con Detección de contaminantes con 
lilicalixarenoscalixarenos
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Construcción de espacios interpartícula o gaps 
di t bl d l l bif i lmediante ensambladores moleculares bifuncionales
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Guerrini et al Anal. Chem. 81, 1418 (2009)



DithiolDithiol--FunctionalizedFunctionalized InterparticleInterparticle SpacesSpaces: : 
Hot Spots +Hot Spots + PollutantPollutant BindingBinding SitesSitesHot Spots  Hot Spots  PollutantPollutant BindingBinding SitesSites

Pollutant Assembly
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InterparticleInterparticle SpacesSpaces: : 
Hot Spots +Hot Spots + PollutantPollutant BindingBinding SitesSitesHot Spots  Hot Spots  PollutantPollutant BindingBinding SitesSites

Monolayered adsorption

Multilayered adsorption



AliphaticAliphatic Linear Linear LinkersLinkers: Molecular : Molecular DetectionDetection
ChlorinatedChlorinated PesticidesPesticides DetectedDetected in in thisthis WorkWork
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Transferencia de Tecnología

Sensores basados en SERS



Sensores basados en SERS: SME Instrument project



Biofuncionalización: Teranóstica
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Aplicaciones en el Patrimonio

Análisis diferencial de tejidos históricos mediante SERS
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Z. Jurasekova et al J. Raman Spectrosc. 39, 1309 (2008)



Nanopartículas de plata inducidas p p
sobre fibras de tejidos 
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