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OBJECTIVES

The course is devoted to students who are interested in the application of novel photonic
techniques for the fabrication of integrated devices used in the life science filed. The course has
three practical aims:

e togiveatheoretical description of the basic phenomena governing the interaction of organic
molecules and light, increasing the background knowledge that students acquired during
their bachelor courses;

e to show laboratory demonstrations of such phenomena by means of purposely prepared
experiments, so as to put students in contact with the standard equipment used in optics
and photonics laboratories;

e to describe the principal techniques and the devices commonly used for the advanced study
of biological systems.

The three aims will be pursued simultaneously during the course, trying to put into evidence the
fundamental and applied characteristics of all phenomena.

Skill to be acquired: The student who will overtake the exam will possess knowledge on the basic
phenomena governing the imaging techniques used in biology and the photonic techniques ruling
commonly used bio-opto-photonic devices.

PROGRAMME

Part 1) Classical Electromagnetism; Complex refractive index; classical Lorentz oscillator model;
dispersion of the complex index; Kramers-Kronig relations; Snell and Fresnel laws; diopters; lenses;
spherical mirrors; physical optics: diffraction; limit of resolution of the optical microscope; brief
description of the quantum approach to the polarizability.

- Lab Work 1 (Physics Didactic Laboratory - Prof. Michelotti): Laboratory practice with Snell laws;
measurement of the refractive index of a liquid; practice with lenses and mirrors.

- Lab Work 2 (Physics Didactic Laboratory and remotely - Prof. Michelotti, Dr. Occhicone):
Laboratory practice with Fresnel laws; measurement of the refractive index of glass and silicon;
practice with polarization; study of some nano-layered structures.

Part 2) Energy levels in organic molecules; Electronic levels and symmetry of the orbitals; Morse
potential; vibrational, rotational and spin levels; singlet and triplet states; Linear absorption;
Spontaneous and stimulated emission; Selection rules; Franck-Condon principle; Absorption
spectroscopy; Absorption spectra of most diffused endogenous and exogenous chromophores;
Jablonski diagram: internal conversion, inter-system crossing, quenching; Forster energy transfer;



fluorescence and phosphorescence; Stationary and time-resolved luminescence spectroscopy;
Emission spectra of most diffused endogenous and exogenous chromophores; Solvato-chromism;
Photobleaching.

- Lab Work 3 (SBAI Department - Prof. Michelotti): Laboratory practice with absorption spectroscopy
(Part 1); demonstration of a simplified open spectroscopy setup; measurement of the spectrum of
a white light lamp, of dielectric interference filers, of the absorbance of a Rhodamine 6G solution.

- Lab Work 4 (SBAI Department - Dr. Occhicone, Dr. Sinibaldi): Laboratory practice with absorption
spectroscopy (Part 2); demonstration of a commercial laboratory spectro-photo-meter;
measurement of the spectral transmittance of selected solvents and solutions of rhodamine 6G in
such solvents; evaluation of the concentration of an unknown Rhodamine 6G solution in ethanol;
demonstration of scattering and its effect on the transmittance.

- Lab Work 5 — WITHOUT REPORT (SBAI Department - Prof. Michelotti): Laboratory practice with
fluorescence spectroscopy (Part 1); demonstration of a simplified open fluorescence spectroscopy
setup; measurement of the emission spectrum of Rhodamine 6G; demonstration of the Kasha rule;
measurement of the emission spectrum of other unknown molecules contained in commercial pen
markers.

- Lab Work 7 OPTIONAL AND WITHOUT REPORT Fluorescence spectroscopy (Part 2).

Part 3) Optical microscope, diffraction, limit of resolution of the optical microscope; Wide-Field
Fluorescence microscopy, combination of chromophores and filter blocks in Wide-Field
fluorescence microscopy; Advanced microscopic techniques: FLIM, FRET, FRAP, TIRFM; Nonlinear
Optics; Fourier description of the 2nd and 3rd order dielectric susceptivities; Second harmonic
generation; Kerr effect; Nonlinear absorption: two-photon absorption and excited state absorption;
Spontaneous and stimulated Raman emission; Nonlinear optical microscopies: Raman, SRS, CARS,
TPA, SHG; Super-resolution microscopies: STED, PALM, STORM; ELISA test; Labelling techniques
making use of fluorescent markers; Surface chemical functionalization techniques.

- Lab Work 6 (OPBG Hospital - Dr. Petrini, Prof. Michelotti, Dr. Occhicone, Dr. Sinibaldi):
Demonstration of a Confocal Fluorescence Microscopy Platform with FLIM, FRET, FRAP accessories;
application to the study of several biological specimens; acquisition of temporal series of images
under photobleaching and FRAP conditions.

Part 4) Properties of surface plasmon polaritons on uniform thin metal films (SPP), Dispersion of the
SPP, characteristics of the plasmonic modes, SPP excitation by means of ATR, Detection platforms
based on SPP for biological applications.

- Lab Work 8 — OPTIONAL & WITHOUT REPORT (Dipartimento SBAI- Dr.Sinibaldi, Dr.Occhicone):
Measurement of the SPP resonance in ATR regime ; Resonance shift due to the injection of several
different liquids with varying refractive index; photonic crystal sensors.

Books and Lecture Notes

— Slides and lecture notes distributed during the lectures.
— E.Hecht, Optics, 2" Ed. Addison-Wesley



P.N.Butcher, D.Cotter, Principles of Nonlinear Optics, Cambridge University Press
J.Lakowicz, Principles of Fluorescence Spectroscopy, 3rd Edition

P.W.Atkins, Physical Chemistry

S.Svanberg, Atomic and Molecular Spectroscopy, Springer

E.L.Wehry, Modern fluorescence spectroscopy , Heiden



