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Nonlinear optics
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localization of the excitation with 2PA
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Applications: three-dimensional microfabrication
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Applications: two-photon fluorescence microscopy
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Optical nonlinearities in organic materials

* Developing molecules with high optical nonlinearities that can be
used for application

 Exploit optical properties of organics compounds without causing
damage by nonlinear absorption



Organic materials

* Flexibility to tune the nonlinear optical response by manipulating the
molecular structure

* m-conjugated structures
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C—C Conjugation: alternation of single and doubles bonds
/ between carbon atoms
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Summary

Z-scan (two-photon absorption)
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Nonlinear absorption — 150 fs laser system
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Nonlinear spectrum
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Nonlinear absorption spectrum

Optical parametric amplifier
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Azoaromatic samples
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Azo-chromophores

Optical Storage

Optically induced birefringence
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Linear absorption of azoaromatic compounds
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Normalized Transmittance

Two-photon absorption
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Absorbance

Pseudostilbenes
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Absorbance

Pseudostilbenes

600

0.9 4

0.6

0.3

0.0

300

0.6

0.3

0.0

400

+ 200

0.6

034,

[ DR19  [600

0.0
0.6 4

0.3

0.0

0.6

0.3

0.0

400 600
A (nm)

5 (GM)

Aminoazobenzenes

0.9 f
- PAMINO
600
0.64
300
0.3
(0]
e ~
8 oo : : §;. 0 (%
o e o
3 - DIAMINO|
< el L 600
0.34 300
0.04 : 2 i, 0
400 1000
2
4 A A
o\v)oc 2 ( 2)2 2 +( 2)2 2
(Vuo_V) T Lo | Wio =¢V) Lo Vi —4V) T4y



two-photon absorption — selection rules
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Molecular design strategy

* |Increasing the molecular conjugation
« Adding charged groups to the molecule

« Keep molecular planarity



White light continuum Z-scan
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Transmitancia Normalizada

White light continuum Z-scan
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Two-photon microfabrication

Fabrication of 3D microstructures containing organic
compounds

Optical Active Microstructures



Two-photon polymerization

Monomer + Photoinitiator — Polymer

100 fs




Two-photon polymerization

The polymerization is confined
to the focal volume.

High spatial resolution



Two-photon polymerization

Microstructures fabricated by two-photon polymerization




Two-photon polymerization

Microstructures containing active compounds

Organic compound

azocromophores
MEH-PPV



Two-photon polymerization

Azochromophores — DR1
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Micro-optical storage

Birefringent microstructures

Ar+ 1on laser irradiation

* 514.5 nm
* one minute
« intensity of 600 mW/cm?




Micro-optical storage

The structure is visible when the angle between the birefringence axis and the
polarizer is an odd multiple of 45°

An= 5x10

This birefringence can be completely erased by irradiating the sample with circularly
polarized light.

Applications: micro-optical switch, micro-optical storage



Microstructure containing MEH-PPV




Microstructure containing MEH-PPV
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Microstructure containing MEH-PPV
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Microstructure containing MEH-PPV
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fluorescence (arb. unit)

Microstructure containing MEH-PPV
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(a) Scanning electron microscopy

(b,c) Fluorescence microscopy of the
microstructure with the excitation
OFF (b) and ON (c)

(d) Emission of the microstructure (black
line) and of a film with the same
composition (red line)
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