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Plasmonic wheels

All-optical information 
processing:

Plasmonic

Plasmon 
enhanced 
photonics: 
(O)LEDs/VCSELs, 
photodectors, 
solar cells,
d t t

processing: 
nanophotonic 
integrated circuits

J-Ag

Plasmonic 
metamaterials with 
designed photonic 
properties

data storage,
sensing

Nano-bio-
photonics
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Nanobiophotonics

Functional

Plasmonics and 
nanophotonics:
SPPC, waveguides, 
metamaterials: 
bio- , chemo sensing, 
photonic trapping and 

Bio- and nano-imaging:
cell and protein imaging, 
Raman, SNOM, AFM, 
STORM, PALM, STED

Functional 
nanopraticles: 
colloidal QDs, metal 
and polymer 
nanopartilcles,
nanoemulsions

p pp g
manipulation

Nanophotonics and plasmonics in bio

YESTERDAY     TODAY     TOMORROW
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Nanophotonics and plasmonics in bio

YESTERDAY     TODAY     TOMORROW

Nanophotonics and plasmonics in bio

• Plasmonic structures for image enhancement
• Metal nanostructures for label-free biosensing
• Metal nanostructures for optical 

manipulations (nanotweezers)
• Metal nanoparticles for photothermal cancer therapy
• Metal nanoparticles for targeted drug delivery
• Metal nanoparticles for acousto-optical imaging 
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Label-free photonic biosensing
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Label free biosensing

SPP and LSP resonances are 
extremely sensitive to refractive indexextremely sensitive to refractive index  

SP

LSP = f(a,m,d)
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Label free biosensing

Label free biosensing using surface plasmonsLabel-free biosensing using surface plasmons

- SPR: based on SPP (propagating modes)
extremely high sensitivity: better than n~10-5

FOM up to 20 
less sensitive to small molecular weight analytes
no integration in nanoscale geometriesno integration in nanoscale geometries

- LSPR: based on localised plasmon modes
FOM up to 8
100 times smaller sensitivity than SPR
10 times smaller penetration depth of probing field
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Label free biosensing

SPP and LSP resonances are 
extremely sensitive to refractive indexextremely sensitive to refractive index  

SP

LSP = f(a,m,d)
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meta = f(a,d,m,d) 
both LSP of individual particles are modified 
as well as interaction between them

Nanorod metamaterial as a 
transducer for refractive index sensing
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Plasmonic nanorod arrays
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J Phys Chem C 111, 12522 (2007). 
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J Phys Chem C 111, 12522 (2007). 
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Sensing geometry
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uniaxial anisotropic medium:
x, yz < 0

Sensing geometry
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Sensing geometry

anisotropic metamaterial 
waveguide
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Nature Materials 8, 867 (2009). 

Sensing geometry
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Sensing geometry
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Sensing geometry
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Transducer based on plasmonic nanorod array
Nature Materials 8, 867 (2009). 

Sensing test
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Sensing test
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Sensing test
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Plasmonic nanotubes for biosensing

Plasmonic nanotubes

ACS Nano 4, 2210 (2010). 
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Plasmonic nanotubes

ACS Nano 4, 2210 (2010). 

Sensitivity: 250 nm/RIU
Avidin: ~ 16 nm shift 

Nanophotonics and plasmonics in bio

L. Lechuga, CIN2, Barcelona
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Theranostics

Theranostics

Photothermal cancer therapy

Gold nanoshell

(Naomi Halas)  

(Stern et al)  
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Theranostics

Photothermal drug release

M. S. Yavuz et al., Nature Mat. 8, 935 (2009)

Photoacoustic imaging

(Alexander Oraevsky)
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Conclusions 

With thanks to Laura Lechuga (CIN2 Barcelona), Roman Quidant (ICFO 
Barcelona), Naomi Halas (Rice), Boris Chichkov (LZH), Alexander Oraevsky.

Photonics and medicine

(Boris Chichkov)  
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