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Schedule

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



1. Magneto-optics

A (brief) Introduction to
Magneto-optics
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1. Magneto-optics

Modification of the light in interaction with a magnetized material

Inv. Faraday effect
Electron MCD

Ultrafast magn.switching

MO Kerr loops
Magneto-chirality | : lagn. circ. dichroism
Zeeman effect

Magneto-plasmonics

Faraday effect (1845)

Photomagnetism
Modified from Oppeneer’s lecture



1. Magneto-optics

Magneto-optical Faraday effect (1845)

m====> Fijrst observation of interaction light-magnetism
enormous impact on development of science!

Faraday effect

0(M) = -6,00) ¥
6.(M) ~ lin. M Michael Faraday
(1791 — 1868)

Change of the polarization of the light after going through a magnetized material



1. Magneto-optics

Faraday Effect

« MO effect for optical transmission
— Magnetic rotation
(Faraday rotation) 6, (Faraday Ellipticity) 7.
— Absorption
Magnetic Circular Dichroism MCD

« Comparison to Natural Optical Rotation
— Faraday Effect is Nonreciprocal (Double rotation for round trip)

— Natural rotation is Reciprocal (Zero for round trip)

« Verdet Constant
— @=VIH (For paramagnetic and diamagnetic materials)




Magnetoplasmonics (Il) — Magneto-optics

Kerr Effect
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*Reflexion Configuration
*Ellipsometry



1 Magneto-optics

Kerr Effect (MOKE)

M 44 M — m[~=
(a) polar (b) longiudinal (c) ransversal
Kerr (1876) Kerr (1878) Zeeman (1896)
pol. analysis pol. analysis mtensity measurement

Surface Small Effect Sub-nanometric
sensibility 104 sensibility

In metals = Penetration length tens of nanometers
Surface Magneto-optical Kerr effect: SMOKE
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1 Magneto-optics

Magneto-optical tensor

E
- Y n =ne,

" Magneto-optical components
H;

Optical components

the Nonreciprocal nature of the

MO effects
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1. Magneto-optics
Kerr effect depends on relative orientation of M(B)

&k /

Polar Longitudinal Transverse

0 +ig = f(M,) 0 +ie = f(M,)) Ryp = F(M,))

£,y OC M _(H) &, < My(H) g,, o I\/Iy(H)

Optical properties are controlled by an external magnetic field
or with the magnetic state



1. Magneto-optics

Magneto-optical tensor

In Faraday Configuration (k | | M)
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Faraday Configuration |77
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Magnetometry Spectroscopy
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1.Magneto-optics

Origin of the MO effects

Fermi Golden Rules

(jl Z (i /mi ) A% Py exp(i27vz /c)

Py()
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Posj= (/1)
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' — J7=-112
4 | T _
L=1 = $ 7
AlL= %1 i | X—r— Jz=+1/2
O —— Jz=4312
Selectivity to some transitions C)\f
Cj‘é“”
Correlated with the h— — L
. . . l ; -
Spin-orbit coupling L,=0 l Jz=+1/2
mawietngg%ion Exchange splitting Exchange
+spin-orbit
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Magneto-optics

Metals (Cobalt fcc)
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1. Magneto-optics

A
tetrahedral sites

Fe¥*

B

Fe*

Magnetite

octahedral sites

Fe?*

FIG. 1. Schematic representation of the electron energy levels of the Fe 1ons
in Fe30y. including the relevant ISCT transitions.

Ferrites
ot tm mtaimantar o aemeteaean teeri Cepieesm tamsmis o eaeenmritrs o aeimsitesaaes)
IVCT IVCT IVCT IVCT ISCT ISCT ISCT
[Fez+]fzg [Fez+}f25, [Fez+]fzg [Ffz_]fgg (Fe* M), [Fe“]eg (F*N)t,

Sample Assignment [Fe2+]fzg [F&? e, (F?Ne  (Fe?M)iny [F€2+]Izg Fe? ), [Fezfjcg
Fe 0, w 0.56 1.94 3.11 3.93 2.61 3.46 3.94
r 0.21 0.45 0.61 0.37 0.20 0.42 0.51
(Ex})m —0.085 0.044 0.031 —0.039 —0.004 0.014 0.065
shape para para dia dia dia dia dia
MgFe,0, w 2.64 3.47 3.95
r 0.30 0.31 0.56
(€xy)max —0.000 0022  0.032
shape dia dia dia
LigsFes 504 w 2.63 3.46 4.09
r 0.23 0.39 0.64
(€0 max —0.026 0036  0.050
sliape dia dia dia

Fontjijn et al.

JAP 85 (1999) 5100
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FIG. 4. The Kerr rotation #, and Kerr ellipticity €; of Fe;0,.

ISCT: Intersublattice Charge transitions A —B

IVCT: Intervalance charge transitions A—> A ,B —> B

Others: Crystal field transitions
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1. Magneto-optics

Magnetite Nanoparticles
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18



1. Magneto-optics

Applications

Magneto-optical recording Magneto-Optical isolator

Output
Polarizer Mount

Figure 1: Makros Series Optical Isolator

®

Electro-Optics Technology, Inc.

Biomedical applications

—

Sensing and Diagnostic tests Magnetometry
Immunoassays il 9.' Biomagnetic fields
Malaria detection % Budker Nat. Phys. 3 (2007) 227
\

b
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1. Magneto-optics

Applications: Sensing

i \ sireptavidin f ) g”
Immunassays L) L P I

aa‘ﬂ' - : =% b»otrzldated ‘ “6

- @ anti g
*Detection of the MO response of magnetic Nanoparticles ,g' ’
*Measurement of the binding dynamics [

- ’: = o.“., e R — ete.

a?ob

Test with streptavidin

taxin. Sensorgrams are plotted as the mass of protein binding (in RLU)
fo immabilized anti-hEotaxin as a function of time. Experimentally
derived curves (black lines) from two repeated injections of hEotaxin
at various concentrations are shown overlaid. Curves were globally Tlme
fitted with BlAevaluation 4.1 software using a 1:1 (Langmuir) model
(thin lines) to determine the kinetic parameters.

60_
504
5 40 ’%’EE I [t H without ConA
Py Sk ’ i —— 10 nM ConA
X3 ARSI .
g 10 P R c| | i & i Glucose covered nan_opart:cles
0 SN *+ Concanavalin A
0500 50 100 150 200 250 360 E : e : ﬁ
time (s) 9 : “;q
Figure 8. Sensorgrams of immobilized anti-hEotaxin binding hEo- o : H=0 ‘?&Z
I
1

= (3

Kober Anal. Chem. 86 (2014) 12159

Aurich Anal. Chem. 2007, 79, 580-586 N
Sensibility comparable to ELISA

Sensibility comparable to SPR




1. Magneto-optics

Applications: MOT for Malaria detection

Plasmodium parasite
(protozoans)

Courtesy of: http://www.cbc.ca/gfx/pix/malaria_mosquito020717.jpg

From wikipedia

RN

e

Mens Malaria Journal 9 (2010) 207

Absorption, a.u.

Distribution of parasite life cycle stages in

the two Plasmodium falciparum cultures
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Hemozoin

_- Magnetic beads

Absorption spectra of hemozoin [17.18], melanin [4]. magnetic beads [3], arterial
ition ~96%) and venous (oxygenation ~70%) blood [18]. Simularity in absorption
of hemozoin and magnetic beads indicate a potential to use magnetic beads as
0 phantom for calibration of PAFC. Excitation (Ex) and emission (Em) spectra of
orescent protein (GFP) expressed by parasites [18]. Arrows indicate laser wavelengths
8 nm (for continuous wave fluorescence excitation). and 671 nm and 1060 nm (for

700 900
Wavelength, nm

Orban Plus ONe 9 (2014) e96981

MO detection of Hezoin pigments generated by the plasmodium

Meniev Biomedical Expr Optics 7 (2016) 260295
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1. Magneto-optics
EU-F6 Project MOT-TEST “Novel Magneto-optical Biosensors for Malaria Diagnostics”

Cotton —Moutton detection Original design Device

Induced optical dichroism . e
(a) laser M
mirror St
sample cell v 9 photo-elastic 7
polarising + beam . modulator T
shaping optics & i
. magnet sugply

magnet Contol

alocticnics
finger

’ 5
laser Y
oy ] photodetector 3 - T
. m

(c)

Figure 2 Overview of the MOT diagnostic d|
main components including the optical hea
cell inlay and computer controlled unit

No magnetic field magnetic field
Newman IEEE J Sel Top Quan Electr 16 (2010) 573

Banoth Appl Optics 55 (2016) 8637

Mens Malaria Journal 9 (2010) 207

Light transmission MO signal
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1. Magneto-optics

Limits:

*Small MO signal
*Weak selectivity

*Unexplored multifactor dependence
Size , concentration, shape, composition
Scattering- transmission
Chemical instability of magnetic nanoparticles

*Toxicity of the materials with largest MO signal

*Few studies in vitro and in vivo

MO detection of Ferritin and mimetics
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Fig. 3. Wavelength dependence of the Faraday rota-
tion and absorption spectra for human brain and spleen
upper and lower panel respectively, H =

tissues

2350 (. Bands position related to heme-iron and aro-
matic amino acids are shown by dotted vertical line and
arrow Tespectively.

Koralewski Acta Phys Polaca 133 (2018) 4
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