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Overview
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Magnetism

In nanoparticles
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Chirality

in molecular films
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Linearly polarized light

Linearly polarized light can be
represented as a superposition of
two opposite circularly polarized
electromagnetic waves.

v (z,t)= Acos(kz — wt)

When light encounters it
interacts with its complex
refractive index:

A=Nn+I1k

Optical rotation and ellipticity originate in a different interaction with N for left and right

circularly polarized light.
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A=n+1k

Optical rotation

If one of the two circularly
polarized waves travels with a
slower phase velocity, the
resulting linear polarization is
rotated.

Where | is the length of the
material and A is the wavelength
of light.

KATHOLIEKE UNIVERSITEIT

LEUVEN




3

Ellipticity

If one of the two circularly
polarized waves is more
absorbed, the resulting linear

polarization is follows an ellipse.
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The need for a spectroscopic investigation

Optical rotation and ellipticity are
related through the Kronig-
Kramers relations.

o)=P [ 25 0ax

H(/I)——;P_[ W)M

P is the Cauchy principal value
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The Faraday sensor & biomagnetism

Magnetic Field
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A straightforward experimental technigue

Faraday effect:

Under the influence of the
magnetic field, the plane of
Magnet Sample  Analyzer Detector polarization of the light is

VAL T rotated.
O )

¢ s the angle of rotation

V is the Verdet constant

| is the sample thickness

B is the mag.flux density
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Nanoparticles exhibit a large Faraday rotation

CoFe,O, and Fe,;O, superparamagnetic nanoparticles,
prepared chemically, were embedded in a polymer matrix
(PMMA) and deposited on a Tmm BK7 glass plate.

1004 e 250 um nanoparticle film
= 1mm BK7 glass
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Selecting wavelength can further improve the
sensitivity

1000 I . I . I . I . I

] _ An experimental setup has
900 n m BK7 |

e BK7litterature| ] been constructed for the
measurements of Faraday
rotation versus wavelength.
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Faraday spectra of CoFe,O,, Fe;O, and gold coated nanoparticles are under
Investigation.
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Second Harmonic Generation (SHG) requires
symmetry breaking

In linear optics: P =y -E

For more intense electromagnetic fields:

P=y"-E+4® EE+® -EEE+..
The induced polarization contains higher harmonics:
P=P(0)+P(»)+P(2w)+P@GBw)+..
where P.(2w) = ;(igi)Ej (w)E, (w)

Within the electrical dipole approximation, in centrosymmetric materials:

P, (20) = ) (-E j(0))(-E (@) = 1550 =0
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Spectroscopic SHG setup
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Chirality with SHG

Fixed polarizer rotating analyzer: Fixed polarizer and analyzer,
rotating a A/4 wave plate:
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SHG ellipticity at different wavelengths
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Conclusions

— Nanoparticles exhibit a large Faraday rotation, which we can
investigate spectroscopically.

— SHG ellipticity has been spectroscopically measured as part of a
study on the Kroning-Kramers relationship between SHG
ellipticity and SHG optical rotation.

— Besides their intrinsic interest, both Faraday and SHG spectra
can provide valuable insight into the structures of molecular and
nanomaterials.
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