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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 
400 500 600 700 800 900

0,0

0,2

0,4

0,6

 

 

A
b
s

 Au NPs 

 Au
90

Fe
10

 NPs 

Wavelength (nm)



Magnetoplasmonics 

3 

Magnetic 
properties 

Plasmonics 

Enhancement of the MO 
properties 

Active targeting 

Functionalization 

NANO 

Purpose of magnetoplasmonics (bio) 

Reduce Toxicity 

Active Plasmonics 

Multifunctional materials 

Synergy 

New properties 
New developments 



Can support magnetic materials SPR? 
Mie Calculation (n=1.5) 
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Au 8.9 -11.7 1.26 

Ag 9.2  -18.3 0.48 

Co 9.74 -12.5 18.4 

Fe 17.0 -1.03 17.6 

Ni 9 -13.0 16.3 

Nickel is the best!!! 
But always dumping Chen Small 7, (2011) 2341–2347 

Magnetoplasmonics 



Mie model does not work  

Electronic structure of Nano 
Oxidation 

Clavero et al. J. Appl. Phys. 100, (2006) 074320 

Co NPs 

SPR in nUV 

Kalska et al. J. Appl. Phys. 98 (2005) 44318 

Fe NPs 

Menendez et al.  
PRB 65, (2002) 205413 

Can support magnetic materials SPR? 

Magnetoplasmonics 



LSPR in Ni nanorods 

Chen Small 7, (2011) 2341–2347 

•Shape  improves  LSPR  
• LSPR moves to IR 
•Phase change allows observation of SPR 

Can support magnetic materials SPR? 

Magnetoplasmonics 



Bonanni Nano Lett. 2011, 11, 5333–5338 

•Change of sign of the MO Phase  above and below the SPR 

•Novel concept of sensing : Work with MOKE=0 

•Tunnability of MO-SPR with the magnetic field 

Maccaferri et al. PRL (2013) 111, 167401 

LSPR in Ni nanorods 

Can support magnetic materials SPR? 

MO at the SPR? Yes 

Magnetoplasmonics 
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Faraday Effect 

Optical and MO properties 

MO effects in Plasmonics materials?  
(non-magnetic conductors) 

 Drude model 

For Au (600 nm, B=1 T) exy=1.2·10-4 +i1.5·10-3 
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Magnetoplasmonics 



Generalized Maxwell Garnett Equation for LSPR 

Hui Appl. Phys. Lett. 50, 950 (1987) Marinchio et al. Phys. Rev. B 85 (2012) 245425 

400 600 800 1000

-5,0x10
-6

0,0

5,0x10
-6

1,0x10
-5

 

 e x
y

Wavelength (nm)

 Real

 Imaginary

MO effects in Plasmonics materials?  

Magneto-plasmonic resonance 
does not coincide with the SPR 

Magnetoplasmonics 



Kerr effect in dots 

Sepulveda et al. Phys. Rev. Lett. 104 (2010) 147401 

MO effects in Plasmonics materials?  

Dephasing of the Electric field component 

Modulation of SPR  by the magnetic field  

Magnetoplasmonics 



13 nm 
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Pineider  Nano Letters 13 (2013) 4785 
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MO effects in Plasmonics materials?  

MCD in NPs 

Modulation of SPR  by the magnetic field  Amplification of the MO response 

Magnetoplasmonics 



vF eE e B  

Weick, Phys. Rev. B 83, 125405 (2011) 

DA (+H) = LCD-RCD 

Generalized  Maxwell-Garnett for circular plasmons 

Circular polarized plasmons 

LSPR with circular polarized ligth (Magnetic dichroism) 

Modulation of SPR  by the magnetic field  Amplification of the MO response 

Magnetoplasmonics 



Wallis PRB 9 (1974) 3424 

Au/air  Dk/k×B = 10-6 

Co/air Dk/k×M =10-4 

Also in SPP 

Armelles Adv. Optical Mater. 1 (2013) 10–35  

MO effects in Plasmonics materials?  

MO effect is larger in Magnetic materials 

Magnetoplasmonics 
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MAGNETIC + PLASMONICS 

400 600 800 1000

0,0

0,2

0,4

0,6

0,8

1,0

A
b

s

 (nm)

Hybrids Nanostructures 

Both are not soluble 

Metallic Magnetic NPs   Noble Metals 

Localized SPR 

NO Spin polarization 

d-f localized bands  s bands (free electrons)  

Very weak MO 
response 

Magnetoplasmonics 



Magnetic 
properties 

Plasmonics 

Enhanced Magneto-optical 
signals 
  

Magnetically 
active 
Plasmons 

Enhanced  
anisotropy 

Tunable optical properties 

Hybrid Magnetoplasmonics materials 

NANO 

Proximity effects 

Hetero-nanostructures Multilayers Garnet based 

Magnetoplasmonics 



Gold-Iron oxide 
Heterodimers 

Gold-Iron oxide 
Flowers 

Gold@Iron oxide 
Core@shells 

Gold@cobalt ferrite 
Core@hollow shells 

Iron oxide tetrapods & prisms 
With a silver sphere 

Silver-Iron oxide 
Heterodimers 

Iron oxide@gold 
Core@shells 

Gold-Iron Alloy 

Hetero-nanostructures 

Magnetoplasmonics 



Jain Nanoletters 9 (2009) 1644 

suPREMO Au core @ ferrite shell 

385 nm 421 nm 

455nm 
532 nm 

633 nm 850nm 

Li Nano Letters 5 (2005) 1689 

Au @ Fe oxide Co@Ag NPs 

Wang Nano Letters 11 (2011) 1237 

Magnetoplasmonics 



Magnetoplasmonics 

Hetero-nanostructures: is it a good idea? 
 

MM 

Au 

Two different modes 
Dumping of the SPR 

Prodan Science 302 (2003) 419 

Nguyen et al. Nanomaterials 8 (2018) 149 

Plasmonics 

Mainly with oxides 
Metals? Jin, Nature Comm. 1 (2010) 41 

Multishell structures 
could be easier 

Synthesis? 



Magnetoplasmonics 

Hetero-nanostructures, is it a good idea? 
 

Au 

MM 

Shi, Nano Letters 6 (2006) 875 J Phys Chem 117 (2013) 16166  Velasco J. Phys. D Appl. Phys. 48 (2015) 035502; Luchini Phys. Chem. Chem. Physi.17 (2015) 6087 
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Most magnetic materials 
absorb in the VIS 

Red Shift and dumping of SPR! 
Problems in the reproducibility of the Nanostructures 

Core@Shell 

Heterodimers 
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Au and Fe oxide Hetero-nanostructures 
 

Magnetoplasmonics 



Au and Fe oxide core@shell 
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Pure plasmonics!!! 

Magnetoplasmonics 



10 nm 

4 nm 

Au and Fe oxide core@shell 
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Sharp feature 
 in the plasmon energy range 

New transitions 
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      Superparamagnetic AND strong diamagnetic response! 
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Magnetoplasmonics 
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Correspondence between MO 
transitions and SPR 

g-Fe2O3 

Electron diffusion or bleaching? 

Comin Nano Lett. 12 (2012) 921 
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Charge-transfer effects at interface 

Presence of FeO 

F. Pineider ACS Nano 7 (2013) 857 
F. Vita et al. submitted  
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Size and shape dependence 



Multilayers 
 

Au/air  Dk/k×B = 10-6 

Co/air Dk/k×M =10-4 

Hybrid 
trilayers 

 
NM/MT/NM 

Very small! 

Magnetoplasmonics 



Large MOKE signal due to the field induced 
modulation of ksp 

Multilayers 
 

Safarov Phys Rev. Lett. 73 (1994) 3584; Herman Phys Rev B 64 (2001) Gonzalez- Diaz Phys. Rev. B 76 (2007) 153402 

Magnetoplasmonics 



Observation of Magnetic field SPP (Telmnov Nat. Photonics  4 (2010) 107) 

Magnetic field control of Plasmonics 

Magneto-plasmonic interferometer 

Active Optoelectronics devices 

Telmnov Nat. Photonics  6 (2012) 728 

Multilayers 
 

Magnetoplasmonics 



Multilayers 
 
Magnetic layer thickness 
Increases MO contribution 

Increase Dumping 

Magnetic layer position 
Better nearby surface 

But oxidation 

Plasmonic materials 
Better Ag than Au 

But oxidation 

Quality of the films 
Epitaxial growth 

Decreases roughness and interdiffusion 
Improve magnetic properties 

Ferreiro-Vila Phys. Rev B. 83 (2011) 205120; Gonzalez Phys. Rev. B 76 (2007) 153402 Manera Sensors and Actuators B 239 (2017) 100 

Magnetoplasmonics 



 Applications 

Multifunctional Nanomaterials 
 Biomedicine – Pharmacology- Catalysis 
 
Nanomaterials with Enhanced MO Signals 
 Optoelectronics -Telecommunications  
 
Magnetic field active plasmonics devices 
 Optoelectronics –Telecommunications 

Spinplasmonics 
 
Plasmon assisted magnetic recording 
 Data Storage 
Sensors  
  Biomedicine – Pharmacology- Catalysis 
Separation 

Van Parys et al. APL 88 (2006) 071115  

Constructive 
interference

s 

non-reciprocal waveguide 

Destructive 
interference

s +M 

MO material 

-M 
Mach-Zehnder 
interferometer 

Magnetoplasmonics 



Magnetoplasmonics-Applications 

Biomedical applications 

 
•Magnetic forces 
•NMRi 
•Hyperthermia 
•Targeting 
•Delivery 
•Ultrasound imaging 

 

•Health & Bio & Pharma 
 SERS 
VIS-  photon Imaging 
Targeting  
Phototermal therapy 
Sensing 
Delivery 

Chen Macromol. Rapid Commun. 2010, 31, 228 
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Lim Nano Today 8 (2013), 98 
Zhou J. Biomed. Nanotechnol. 10 (2014) 2921 

Tran Anal Chem 2 (018) 
Nguyen Nanomaterials 8 (2018) 149 

RSC Adv. 3 (2013) 7816 

Sotiriou Chem Mater 25 (2013) 4603 

Targeting -Delivery Diagnostics Therapy 



Magnetoplasmonics-Applications 

Magnetic Targeting –Delivery: DNA- Drug therapies 
Magnetophoretic 
Increase of local drug concentration 
Reduction of doses 
Larger retentivity 

Magnetic separation for diagnostics 
Magnetic seed for diagnostics 
 Magnetic concentration  

Enhancement of optical signal   

Magnetic field manipulation Inertness 
Functionalization 

Jim J. Mater. Chem. B, 2015, 3, 7787 

+ 

Jin Nanoscale 6 (2014) 14360 

Overcome toxicity of Magnetic NPs 
Employment of efficient Magnetic  materials 

Clusters, beads, microspheres  Au material 



Diagnostics by ATR-SPR 

Magnetic field assisted ATR devices  
have higher sensibility than conventional ones! 

B. Sepulveda et al, Opt. Lett 31, 1085 (2006) G. Armelles et al. Adv. Optical Mater., 1, 10–35, 2013 

Magnetoplasmonics-Applications 



BSA 

Au   

Surface 

MUA 

Anti 

BSA 

Test with BSA and anti-BSA 

Manera Sensors and Actuators B 179 (2013) 175 

Diagnostics by ATR-SPR 

Magnetoplasmonics-Applications 

Test with HlgG and anti-HlgG 

David Biosens Bioelec 63 (2015) 525 



Change of the 1/De with refraction index 

Maccaferri Nat. Comm. 6 (2015) 6150 

Diagnostics by MO detection (LSPR) 

Magnetoplasmonics-Applications 



Magnetoplasmonics-Applications 

Multimodal imaging 
 

Shin Chem. Soc. Rev. 44 (2015) 4501 

Different scales 
Background elimination 
Higher resolution 

Lin Adv. Mater. 29 (2017) 1606681. T2 NMRi 

PA 

CT 

Carril Part. Part. Syst. Charact., 31, (2014) 81–87 



Magnetoplasmonics-Applications 

Stars like MPS 
Nanoparticles 

Song ACS Nano  4 (2010), 5163-5173 

Rotating magnetic field gives rise to 
changes in the scattering 

Magneto-motive  imaging techniques 

Magneto-ultrasound photoacustic detection Optical imaging 

Evertsson IEEE Trans ultrason Ferroelect Freq Control. Control 61 (2014) 1276 

Shin Chem. Soc. Rev. 44 (2015) 4501 
Li ACS Nano 9 (2015) 1964 
Ovejero Microchimica Acta 185 (2018) 130 

PA US 



Magnetoplasmonics-Applications 

Magnetoplasmonics for Imaging 

VIS light penetration is limited to the skin  

Espinosa Nanoscale 7 (2015) 18872 

Huang Chem. Mater. 28 (2016) 5896 

For  Photothermal therapy 



Magnetoplasmonics-Applications 

For  Photothermal + Magnetic hyperthermia therapy 

607 nm 

Espinosa ACS Nano 10 (2016) 2436 Espinosa Nanoscale 7 (2015) 18872 

MPs NPs Magnetic NPs 
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Biomedical applications 

 
•Magnetic forces 
•NMRi 
•Hyperthermia 
•Targeting 
•Delivery 
•Ultrasound imaging 

 

•Health & Bio & Pharma 
 SERS 
VIS-  photon Imaging 
Targeting  
Phototermal therapy 
Sensing 
Delivery 
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Improvements in targeting-diagnostics 
Multimodal diagnostics and imaging 
MO detection - MSPR 
Magneto-motive imaging 
Magnetic and thermal therapy 

Targeting  Diagnostics Therapy 

Magnetoplasmonics-Conclusions 
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Thanks for your attention 


