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1. Magneto-optics 
a General phenomenology and materials 

b Applications of plasmonics in bio 

 

2. Plasmonics  
a General phenomenology and materials 

b Applications of plasmonics in bio 

 

3. Magnetoplasmonics  
a Plasmonics and magnetism? 

b Magnetoplasmonics materials and phenomena 

c Applications in bio 



Plasmonics  - Introduction 

  What are surface plasmons? 

Plasmons are resonant modes that involve the 

interaction between free charges and 

electro(magnetic) field 

 

Surface Plasmons are collective oscillations of the surface free 

charges in an interface between two media with permittivities 

(dielectric constants) with opposite sign, 

e.g. a dielectric and a metal 



 

Extended Surface plasmon polariton Localized Surface plasmon plasmons 
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LSPR SPP 
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G. Mie, Annalen der Physik 330 (1908) 377 

Mie Model  

sex=ssc+sabs 

sex Extinction cross section 
k=nd/ Cross section of the dielectric 
aL, bL (D, nd, nm, km) 

nd 

(nm, km) 

Maxwell equations 

Kreibig & Vollmer Optical Properties of Metal Clusters (1995) Springer M. A Garcia  J. Phys. D: Appl. Phys. 44 (2011) 283001   

sex=ssc Nano 
Colour 
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Mie Model:  The dipolar approximation 

• m real 
•Size < <  

o No scattering 
o Dipolar mode (L=1) 

•  Non interacting (diluted) 
• Spherical Particles  
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Absorption and Scattering of Light by Small Particles, C. F. Bohren & D. R. Huffman  (Wiley, 1998)  

Frequency resonance 

(1(SPR)+2m(SPR))2+2
2(SPR)=0 

1=- 2m 

SPR 
SPR 
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Mie Model  

D=10 nm 

Kreibig & Vollmer Optical Properties of Metal Clusters (1995) Springer M. A Garcia  J. Phys. D: Appl. Phys. 44 (2011) 283001   

Composition 

Matrix 

Size 
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Mie Model  The dipolar approximation is a  painting of the SPR 

Be a spherical cow with 
No friction 

Physicist Plasmonist 

Be a spherical non-interacting 
dipolar cow 
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Interaction of the light with a confined metallic nanostructure  

(From  UFE ) 

Radiation 

Visible 

Infrared 

Microwaves 

Interaction 

Electric 
(Dipolar) 

Electric 

Magnetic 

Materials 

Al, Au, Ag, Cu 
Ni, Co, Fe, NiFe 

Doped-ZnO, ITO, 
Semiconductors 

Magnetic 
Garnets 

Sizes 

Nanometric  

Nanometric 

mm-cm 
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Plasmonic resonance and size effects 

Internal electric field 

Electron  
scattering 

Chemical dumping 

Size influences both SPR frequency and width of the peak 

M. A Garcia  J. Phys. D: Appl. Phys. 44 (2011) 283001   
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SPR and Shape 

M. A Garcia  J. Phys. D: Appl. Phys. 44 (2011) 283001   

Longitudinal Mode 

Transversal Mode 
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SPR and shape 

3
0
0
 n

m
 

W. A. Murray and W. L. Barnes, Adv. Mater. (2007) 19, 3771 
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SPR, local effects and interactions 

3
0
0
 n

m
 

Near-field coupling of particle plasmons 

1 µm 

W. Rechberger et al., Opt. Commun. 220, 137 (2003) 
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Aggregates ≠Isolated NPs 
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SPR, local effects and interactions 

3
0
0
 n

m
 

Strong localization of charge density 

Huge Electromagnetic field localization 

Modifies 
dumping and 
resonance 
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SPR, local effects and interactions 

Prolan et al Nanoletters 4 (2003) 1411-1415 Nordlander et al Nano Letters 4 (2004) 899 

Plasmonics  - Introduction 

“Hot spots” 



 

Image (c) Wikipedia 
A.J.Haes et al., Anal.Bioanal.Chem. 379, 920 (2004) 
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d>0 

m<0 

Frequency and wavevector of light have to  match with those of the SPP  

TM light 

m d
SP

m d

k
c

 

 




Conditions of resonance 

SPP and Localized electromagnetic fields 

kEMF= /c√d 

Plasmonics 



19 

3
0
0
 n

m
 

 

10 20
1x10

15

2x10
15

3x10
15

4x10
15

5x10
15

1800
1400
1200
1000

800

600

400

Glass: =c/n*kx

Air: =ckx

 


 (

s
-1
)

kx (m
-1
)

 W
av

el
en

gh
t, 


0 

(n
m

)

Kretschmann Configuration 
Excitation in Attenuation Total reflection (ATR) conditions 

 

detector 

50 nm 
Au 

Evanescent wave 

ksin (i)= nIk0sin (i)= kSPP 

35 40 45 50 55 60
0.0

0.2

0.4

0.6

0.8

1.0

 

 

0 = 800 nm

R
e

fl
e

c
ti
v
it
y

Incidence angle (degree)

Plasmonics   



20 

3
0
0
 n

m
 

 

Evanescent field length SPP Propagation length 

For Au at 800 nm:     Dz ≈ 300 nm 

                           SPP = 40 m 

 
2 3 2

0
2

r r
m m d

SPP i r

m m d

  
 

  

 
  

 

Confinement of the EMF 

Dzd1/3 0 

 Dzd  m 

Enhancement of the EMF 

Dzd 

Dzm 

Characteristic lengths 

Plasmonics 
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Interferometer 

SPPs in other structures 
Gratings 2 D - Waveguides 

k 

E 

x 

z 

Plasmon tip Channel plasmon polaritons 

Mühlschlegel Science 308 (2005)1607 
Temnov, Opt. Express 17 (2009) 8243 

2-D systems 

Plasmonics 
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Kauranen Nat. Phot. 6 (2012) 

Supertransmission 

Plasmonics metamaterials 

Plasmonics 

SPPs in other structures 
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Applications of Plasmonics materials 

1. Inks 

Mulvaney MRS Bull (2001) 

2. Photonics 

Source : Brongersma et al., Science 328, 440 (2010) 

Optoelectronics and Telecomm 

4. Biomedicine 

5. Catalysis 

3. Photovoltaic 

Plasmonics  - Applications 
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Inertness 
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Plasmonics  - Applications 
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Functionalization of surfaces 

Plasmonics  - Applications 

Thiol capping of Au NPs or surface 

Strong Covalent bonding between Au and S 

Further capping for functionalization or biocompatibility 

Targeting 
Labeling 
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3
0
0
 n

m
 Cells labelling 

Plasmonics- Applications 

Targeting 
Labeling + Imaging 

El-Sayed, I. H., et al., Nano Lett. (2005) 5, 829 

Hainfeld et al., Nanomed. Nanotech Biol . Med. 10 (2014) 1607 

Imaging 

Diagnostics 
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Direct sensing LSPR 

A. D. McFarland and R. P. V. Duyne, Nano Lett. 3, 1057 (2003)  
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Plasmonics- Applications 
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Direct sensing LSPR 

C. Sönnichsen et al., Nature 
Biotechnol. 23, 741 (2005) 

Hutter. Advanced Materials 16 1685-1706 

Anker  Nat. Materials 47 (2008 ) 442 

Plasmonics- Applications 

Single molecule detection 
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 High sensitivity, especially at the surface 

 Direct measurement (no labels) and in real time (kinetic analysis) 

Protein 

Direct sensing: SPP 

•Time resolved 
•Imaging 
•Spectroscopy 

Plasmonics- Applications 
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Due to the EMF localization 
Plasmon transfer energy 

SERS  
Surface enhanced Raman Spectroscopy  

Caldwell and Glembocki, U.S. Naval Research 
Laboratory 

Plasmonics- Applications 

Indirect optical Imaging /sensing Amplification effect 

SERS Imaging 

A. Yashchenok, et al. Small 9 (2013) 351.  

SPR 



Plasmon assisted heating 

Heat release at the SPR 

Hogan Nano Lett. 14 (2014) 4640 

Huang Lasers Med Sci 23 (2008) 217–228 

Giner Casares Materials Today 19 (2016) 19 

Plasmonics- Applications 

A. O. Govorov and H.H., Richardson Nano Today, 2  (2007) 30-38.  



Photothermal therapy 

With NRods 

Without NRods 

Tong et al Photochem Photobiol 85 (2009) 21 

Plasmonics- Applications 

Optoacustic imaging 

Photo-ablation 
NIR fs pulses 

 

HyperThermia 

Tlocal< 48°C 

Synergy with other therapy methods 
Imaging thanks to the thermal- driven 
local heating 

Eghtedari, Nano Lett. 7 (2007) 1914 

Combined with ultrasound imaging 



Plasmonics 

Limits: 

• Passive 
 No modification of the SPR 
Hard to mechanically manipulate 
 
 
 
 
• In vivo – Optical absorption of the skin 
 
NIR- window  

Qin Chem Soc. Rev.,41 (2012) 1191 


