Course and training description

Please note that only EU-citizens are allowed to take courses and interships proposed in non-EU countries (USA, Israel, Taiwan, Russia)

ENS Cachan 
Course title : Fundamentals in Mathematics
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	
	Optional
	Math
	first
	30
	Lectures

	English
	Cachan
	Joseph Zyss


Prerequisites :  this course is intended towards student in need of an update in basic math. It does not require any special prerequisite .  Prior to the course, screening tests will be organized to check on the level of students and orient them to this course when needed.
Objectives : 
This course is intended towards students with either a limited earlier exposure to mathematical tools and methods (such as from a purely life science background) or students who had not practiced the « mathematical language » for some time, due to other activities or interest in the midst. This course is thus a refresher in basic mathematical litteracy which should be able to take them to a level where they can follow physics or engineering courses in a comfortable way, that is concentrate on the topic itself while having no major concern with the mathematical language used for models or for data acquisition and processing.
Related courses : Fundamentals in Physics
Contents 
	
	Lecture

	
	n hours

	Ses  1: Differentiation

First-order derivative, second-order derivative, maximum, minimum, partial derivatives of a two-variable function, ...

Sess 2: Series and expansion of functions


Taylor series, and operations on Taylor series: ratio, composition, ...

Ses   3-4: Integration

Integration of simple functions, integration by parts, multiple integrals (surface, volume, ...), change of variables, ...

Ses   5: Complex numbers

Basic manipulation, hyperbolic functions, complex representation in wave physics (in particular in electromagnetism), ...

Ses   6-7: Fourier series and Fourier transform (2 sessions)

Applications to optics: spectrum of a temporal pulse, diffraction, damped oscillator, ...

Sess  8-9: Vector spaces and linear algebra (2 sessions)



Vectors: scalar product, vector product. 



Vector spaces and linear operations: two dimensions



Matrices

Se  1 10: Differential equations

First-order, second-order, and third-order ordinary differential equations, with applications in physics.
	4
4

5

4

5

4

4


Evaluation method :  Written exam (duration : 2 hours) 
Learning outcomes 

At the outcome of the course,students should be able to follow all courses requiring basic mathematical knwoledge. However, a more advanced course in math will have to be taken in the wake of this one to access courses in physics, in particular such as light-matter interactions where the more abstract mathematical toolbox of quantum mechanics is required.

Recommended or required readings

Foundation Mathematics for the Physical Sciences, by Riley and Hobson, Cambridge University Press (2011)

List of teachers : Vincent Maillard, Joseph Zyss
Course title : Fundamentals in Physics
	ECTS
	Type
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics


	1
	30
	Lecture


	English
	ENS Cachan
	Emmanuelle DELEPORTE


Prerequisites : (1 line) : This course is mandatory for students having a limited background in Physics, (e.g. biologists or chemists)

Objectives : This Course provides an introduction to optics and light-matter interactions, so as to provide to non-physicists the theoretical notions  and instrumental tools required for lectures devoted to photonics, biophotonics and nanophotonics.  

Related courses : For non-physicists. prerequisite for “Light-Matter Interaction” and  “Nanophotonics” courses 

	Contents 
	Lecture

	
	n hours

	I. Optical wave physics

Light sources, propagation of optical waves in materials, interfaces

II. Vibrations and phonons

Classical harmonic oscillator

Lagrangian/Hamiltonian Mechanics
III. Fundamentals in quantum mechanics

Time dependent perturbation theory

Quantum harmonic oscillator
IV. Electronic transport

Dielectrics, semiconductors

Elements of band theory

V. Statistical Physics

Fermions, Bosons, Boltzmann statistics
	6

6

6

6

6




Evaluation method :  Written examination

 Learning outcomes: Mastering basic notions in physics enabling students to follow the “Light-Matter Interaction” and the “Nanophotonics” course in Cachan, and the physics courses taught at WUT during the third semester.

Recommended or required readings : Hugh D. Young and Roger A. Freedman, University Physics, 13th edition, Addison Wesley, Editor  (2010)

List of teachers : Emmanuelle DELEPORTE, Joseph ZYSS

Course title :  Fundamentals in Chemistry
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Chemistry


	1
	26
	Lecture


	English
	ENS Cachan
	Nicolas BOGLIOTTI


Prerequisites: This course is mandatory for students having a limited background in Chemistry, (e.g. electrical engineers, computer scientists, physicists)

Objectives: This course is an overview of important and fundamental aspects of chemistry. Basic principles, necessary to understand chemistry and contiguous scientific fields, are given. It is strongly recommended for students who have no background in chemistry and/or who have not attended any chemistry course during the recent years.

Related courses: For non-chemists, prerequisite of the “Molecules and Interactions” course

	Contents
	Lecture

	
	n hours

	1.
Chemistry of the Elements

Models for atoms and electrons description. Electronic configuration. Periodic table and element properties.
2.
Structural Chemistry

Chemical bonds. Structure and geometry. Quantum theories of molecular structure.

3.
Organic Chemistry

Alkanes, alkenes and aromatic compounds. Alcohols and amines. Carboxylic acid, ester and amides. Structural organic chemistry.

4.
Thermodynamics
First and second law. Application to chemical equilibrium.
5.
General Chemistry in Aqueous Solution
Acid, bases and pH. Complexation. Solubility.

6.
Kinetics

Reaction rate. Reaction mechanism.
	4

4

4

4

2

2


Evaluation method:  Paper test (2h) 

Learning outcomes: Mastering basic notions in chemistry enabling students to follow the “Molecules and Interactions” course in Cachan, and the Chemistry courses of the second semester in Wroclaw University or Complutense

Recommended or required readings: 

“Physical Chemistry”, Peter Atkins

“Physical Chemistry - Understanding our Chemical World”, Paul Monk

“Chimie Physique - Cours et Applications”, Paul Arnaud

“Manuel de Chimie Théorique”, Patrick Chaquin

“Advanced Organic Chemistry”, Francis A. Carey and Richard J. Sundberg

List of teachers: Nicolas Bogliotti
Course title :  Fundamentals in Biology
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Biology

	1
	30
	Lecture


	English
	ENS Cachan
	Gérald PEYROCHE


Prerequisites: This course is mandatory for students having a limited background in Biology, (e.g. electrical engineers, computer scientists, physicists)

Objectives: To provide a basic training to non-biologists and to offer them a quick initiation to the various fields of life sciences. This training will allow students to choose biology-oriented modules of the Erasmus Mundus Master at the interface of physical sciences and molecular/cell biology.   
Related courses: For non-biologists, prerequisite of the “Fluorescence in Biology” courses and all courses with a strong content in Biology

	Contents
	Lecture

	
	n hours

	Lectures (30 h): 

Structure of Macromolecules (6 h)  (Bianca Sclavi)

Introduction to the living world (2 h)  (François Thomas)

Structure and properties of the plasmic membrane (2 h)  (Sophie Luco)

Structure and properties of mitochondria (2 h)  (Stanislas Dorey)

Enzymology (4 h) (Bianca Sclavi)

Transcription in bacteria (2 h)  (Uriel Hazan)

Transcription in eucaryotes (2 h)  (M.H. Kryszke)

DNA replication (2 h)  (V. Sommermeyer)

DNA topology (2 h)  (C. Auclair)

DNA reparation (2 h)  (G. Peyroche)

Oriented mutagenesis (2 h) ( A. Bonnet & N. Dubois)


	6

2

2

2

4

2

2

2

2

2

2


Evaluation method:  Written examination / Scientific paper analysis
Learning outcomes: Mastering basic notions in chemistry enabling students to follow the “Fluorescence in Biology” course in Cachan, and the Biology courses at UPAD, UCM and WRUN
Recommended or required readings: 

Life: The Science of Biology, 7th Edition, William K. Purves, David Sadava, Gordon H. Orians, H. Craig Heller, W.H.Freeman & Co Ltd

List of teachers: Bianca Sclavi, Eric Deprez, Gérald Peyroche
Course title : Nanophotonics

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory
	Physics
	1
	50
	Lecture
	English
	Cachan
	Isabelle LEDOUX


Prerequisites : Basics in quantum mechanics and/or solid state physics, basics in spectroscopy

Objectives : This course  aims as basic knowledge in both theoretical and practical aspects of the physical description, the fabrication and the characterisation techniques of nano-objects and nanostructures for photonics.
Related courses : Fluorescence in Biology, Advanced optical methods for neuroscience

Contents 
	 
	Lecture

	
	n hours

	I. Nanostructures for photonics: description and fabrication methods 

1. “Top-down” elaboration techniques of nanostructures : photolithography, etching techniques Electron and ion beam lithography

2. Nanoparticles: preparation and functionalization

a. metallic colloids

b. semi-conductors (mainly chalcogenides)

c. inorganic oxides

d. latex

3. Bulk insertion and macroscopic organization

a. solubilization: role of tensioactive molecules

b. insertion in amorphous matrices

c. self-organization

II. Physics at the nanometric scale and applications to photonics 

1. Definitions and Basics: state densities, 3D electron gases, bandgap structures, excitons, polaritons, strong coupling

2. 2D, 1D and 0D quantum confinement. Electron and photon behaviour. Illustrations in carbon nanotubes.

3. Interaction between nano-objects and light.

a. scattering, linear optical properties

b. non-linear optical properties: role of the interfaces

c. emission properties: fluorescence, lasing emission

d. plasmon resonances in metallic nanoparticles

e. optical responses of single molecules

III. Instrumentation in nanophotonics and applications 

1. Structural microscopy techniques: electron microscopy (EM), atomic force microscopy (AFM), tunneling microscopy

2. Optical microscopy: luminescence, nonlinear effects (two-photon fluorescence, second and third harmonic generation, surface enhanced Raman scattering)

3. Nano-objects manipulation: AFM, optical tweezers

4. Application to Biology (in connection with the biophotonics I and II courses)
	16
16

16



Evaluation method :  Written exam (4 h).
Learning outcomes :  Basic knowledge in Nanosciences and particularly fabrication methods of nano-objects and nanophotonics instrumentation

Recommended or required readings : Nanoscience: Nanotechnologies And Nanophysics : Claire Dupas, Philippe Houdy, Marcel Lahmani, Springer
List of teachers : Sophie Brasselet, Emmanuelle Deleporte, Isabelle Ledoux 
Course title : Molecules and Interactions
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory


	Chemistry
	1
	48
	Lecture


	English
	ENS Cachan
	Fabien MIOMANDRE


Prerequisites : (1 line) : For non-chemists, the “Fundamentals in Chemistry” course is required

Objectives : To understand the behaviour of molecules in their environment and in response to external trigger (electron and photon). To understand how physical and chemical interactions between molecules lead to supramolecular assemblies and macromolecular materials (polymers).

Related courses : Fundamentals in Chemistry, 

	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	1.
Molecules and Light Interactions, Photophysical Processes

Molecular orbitals and energy levels: Selection rules and phenomenological description: Interaction processes, Electric dipole transitions.

Unimolecular photophysical processes: Introduction, relaxation processes, Radiationless and Radiative deactivation processes, excited states.

Experimental setups: Steady-state and Lifetime measurements. Bimolecular deactivation processes: Quenching of excited states, Kinetics, Photoinduced energy transfer.

2.
Complexation, Supra- and Inter-molecular Interactions

Inter-molecular interactions: Molecular dipoles, Ionic and Dipolar interactions, Hydrogen bond

Complexation: Lewis acids and bases, Complexation, d-orbitals and ligand field theory, Chelate and template, Examples and properties of complexes.

Examples of supramolecular assemblies involving complexation and/or inter-molecular interactions: Crown ethers, Micelles, DNA, Molecular shuttles.

3.
Interfacial chemistry, Electrochemical processes

Introduction to electrochemistry: Electrodes and electrolytes. 

Thermodynamics of electrochemical reactions: Electrochemical cells, Reference electrodes and standard potential scale, Electrochemical equilibrium, Nernst equation, Galvanic vs. electrolytic cells.

Electrochemical kinetics: Rate of electrochemical reactions, Influence of electrode potential on kinetics: the Butler-Volmer equation.

The current-potential relationship: role of mass transfer, Fast vs. slow electrochemical systems, Morphology of the I(E) curve in steady-state conditions, Application to corrosion issues.

4.
Polymers

Introduction: Basic definitions, Fundamental examples.

Properties: Molar mass, Glass transition, Mechanical properties.

Polymerization reactions: Step polymerization, Chain polymerization, Kinetics.

Examples: Photopolymers, Composites, Natural polymers.
	12

12

12

12


	


Evaluation method : Paper test (3h)

Learning outcomes : Understanding the theoretical bases of molecular photophysics and electrochemistry. Basic knowledge in supramolecular and macromolecular chemistry.

Recommended or required readings : Molecular Interactions (Waterstone, 2012), D. Micha. Electrochemistry: Principles, Methods, and Applications (Oxford Science Publications, 1993), C. M. Brett, A. M. Oliveira Brett. Physical Chemistry (Oxford University Press, 2009), P. Atkins. 
List of teachers : Fabien MIOMANDRE, Keitaro NAKATANI
Course title : Light-Matter interactions in molecular media : basics

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory


	Physics


	 first
	30
	Lectures

Lab hours
	 English
	 Cachan
	 Joseph ZYSS


Prerequisites : (1 line) :  Basic mathematics necessary for electromagnetism and ordinary differential equations. 
Objectives : (5 lines maximum)
The aim of this course is to provide a model for optical properties of matter that is based on electromagnetism together with simple classical or semi-classical quantum models to depict light-matter interactions.  This includes the elastically bound oscillating electron and the semi-classical model with two-level atoms. Although restricted to simple approximate models, this course should provide an efficient tool-box that can be used as a first-order approach in a variety of important optical problems. Particular attention will be devoted to lasers and properties of the laser beam. 
Related courses : this is upstream to all courses in optics, photonics, imaging and spectroscopy
Contents 

	
	Lecture
	Lab Work

	
	n hours
	l hours

	Sessions 1 and 2: Introduction to Maxwell equations in matter
Review of electrostatics and magnetostatics, leading to the full set of Maxwell’s equations in matter (with  boundary conditions in case of multicompositional medium).

Special case of dieletrics and metals.
Sessions 3 to 10: Basic Maxwellian optics from the molecular to the macroscopic scale
Microscopic model of light-matter interaction:  the elastically bound electrons and its implications. Radiating properties of an ensemble of oscillating dipoles with near-field and far-field emission. 
Macroscopic level: the propagation of light in a dielectric medium, introduction  to the index of refraction, Snell’s laws for the refraction and reflection of light at interfaces.
Elements of crystalline optics. Polarization states and the Fresnel equation. The dielectric tensor and the index ellipsoid. Eigen-polarization states and principal dielectric axis. Optical axis. The double-sheet dielectric surface. Ordinary and extraordinary waves. 

Sessions 11 to 15 : Introduction to Lasers
Semi-classical mode of light-matter interaction (the atom is quantized) introduced in the case of the two-level atom. Absorption, stimulated emission and spontaeneous emission.

Rate equations for three and four level systems. Introducing the laser and its major concetps : pumping, population inversion, threshold, gain and its saturation, feed-back and cavities. Examples of major classes of laser (gaz, liquid, solid state), 
Properties of the laser beam, introduction to gaussian beams.
Properties of ultrashort laser pulses will be introduced in view of applications to time-resolved spectroscopy, nonlinear optics and multiphoton microscopy.
	2
8

5
	2

8

5



Evaluation method :  Written exam (duration : 3 hours) and presentation of a research paper
Learning outcomes (5 lines maximum, describing the skills acquired  at the end of the course)

Students will be ablle in the wake of this course to follow the more advanced ILM * course.

They will be in a position to perform basic experiments in an optics or spectroscopy laboratory, as well as elementary data analysis and modelling. 
Recommended readings
« Fundamental of Photonics», Saleh and Teich (John Wiley, last edition)

« Laser Physics », Eberly and Millony (John Wiley, last edition)

List of teachers :  Joseph Zyss, Lai Ngoc Diep

Course title : Advanced Mathematics

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Mathematics Physics
	1
	32
	Lectures
	English
	Cachan
	Joseph Zyss


Prerequisites : basic mathematical fluency including complex numbers, elementary matrix theory, basic calculus, integrals, basic Fourier theory, basic geometry and differential (see the course on « Fundamentals in Mathematics »)
Objectives : to lead students into a more abstract and more advanced mathematical methods, allowing them to handle abstract tools (such as operators and not only their matrix representations) and to consider abstract » spaces, such as functional spaces of finite or infinite dimensions in particular Hilbert spaces, as required in quantum mechanics for physics and chemistry. Another important outcome is electromagnetism and photonics, where differential operators and partial differential equations dominate the scene. Finally, symmetry concepts which are all-pervading in chemistry, physics and increasingly so in biology, will be introduced at the upstream general level of group theory.

Related courses : Fundamentals in Mathematics

Contents
	
	Lecture
	Lab Work

	
	n hours
	 hours

	1. Vector Spaces and Linear Operators

Abstract vector spaces, such as functional Hilbert spaces and operators thereupon, ,in connection with the tool box of quantum mechanics and its application in physics, chemistry and biology.

2. Fourier series and Fourier Transform 

Time- and space-periodic cases in linear physics and the validity of extensions to non-periodic cases. How to transform functions as well as differential operators. Convolution. Laplace Transform. 

3. Differential Equations 

General solutions for homogeneous and inhomogeneous first order and higher order linear differential equations; treatment in Fourier space; spectrum and resonances; special cases for nonlinear differential equations

4. Partial Differential Equations in Physics

Variational formulation of partial differential equations: Lagrange and Hamilton equations.  

Guidelines to the solution of major equations of mathematical physics: the electromagnetic wave equation, the heat diffusion equation, Poisson and Laplace equations (electrostatic and gravitation), general first order and second order partial derivative equations (functions of two variables) and their integrability (hyperbolic, elliptic and parabolic cases). Green’s functions

5. Symmetry and Group Theory

Introduction to general aspects of group representation (group acting on space, functions and operators). Irreducible representations, main theorems, character tables, main examples pertaining to commutative and point groups in crystallography, solid state (Bloch wave). Invariance group of an operator, relations with its eigenvectors and irreducible representations of its invariance group. Partial differential equations expressed in eigenvalue/eigenfunction terms. 

Optional courses 

(to be taught by way of seminars, eventually with volunteering student participation, and  depending on demand and on  the evolution of the main course)

6. Tensor Algebra: 

handling generalised time-space anisotropy issues in linear and nonlinear physics  

7. Elements of Group Representation over Tensor Spaces:

Follow-up of Parts 5 and 6 of this course, whereby symmetry features and invariance of tensorial physical and chemical properties are being treated in the scope of nonlinear susceptibilities and other properties 

8. Elements of the Theory of Distributions

Discontinuities: an empirical introduction to Dirac and Heaviside distributions and others not amenable to derivation in the usual way. Generalized derivations. Revisiting  Green’s function response theory.
	2

2

2

2

4

2

3
3
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2

2

2

4




Evaluation method :  Written exam (duration : 3 hours). Satisfactory student contribution to the optional part will produce a bonus
Learning outcomes :

Students will be able to access and read at ease more advanced treatises or articles on physics (especially quantum and statistical models), theoretical chemistry or advanced engineering (electromagnetism and photonics)

Recommended or required readings

« Essential Mathematical Methods for the Physical Sciences »Riley and Hobson, Cambridge University Press, 2011

List of teachers :  Joseph Zyss (professor) with two assistants
Course title: Light-matter interactions: Advanced
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Physics


	1 or 3
	30
	Lecture

Paper reports
	English
	ENS Cachan
	Joseph Zyss


Prerequisites: Optical physics and electromagnetism (L3 level), basic mathematical physics notions in classical and quantum mechanics (L3 level), and Light-matter interactions course (M1 level)

Objectives: This course aims at giving knowledge from a basic background to advanced theory in light-matter interactions to all the Monabiphot students, whatever their origin. The courses will be divided in two main parts, each will be given for 15 hours

Related courses: Nonlinear Optics, Nanophotonics, Polymer-based photonic devices

Contents (detailed description, maximum half a page) will be presented.

	Outline of the course
	Lecture

	
	30 hours

	· PART ONE: From classical to modern physics

· Lagrange and Hamilton formalisms of classical physics. Generalized phase space in 2N dimensions spanned by dual conjugated variables. Application to classical electromagnetism

· The general Dirac quantization procedure and its relation to the equivalence procedure

· Modes in classical and quantum physics 

· Linear mechanical modes: the harmonic oscillator and phonons. Creation and annihilation operators

· Electromagnetic modes and the photons (second quantization): creation and annihilation operators for photons.

· Time dependent perturbation theory and foundations of basic NLO and laser theory

· PART TWO: From basic to advanced knowledge of photonic crystals and nonlinear photonic crystals and applications

· Photonic crystal: History, progress and current trends

· 1D, 2D, and 3D photonic crystals: theory, simulation

· Photonic crystal and photonic quasi-crystals 

· Photonic crystal with defect and applications

· Nonlinear photonic crystals

· Fabrication technologies and applications


	15

15




Evaluation method: Writing exam for the first part and Oral examination for the second part.

Learning outcomes: The course enables the student to understand deeper the modern physics, the interaction of light and material at micro and nanoscale. Students will have a first imagination of inhabited physics, such as slow light or fast light, laser without threshold, etc. Students will be able to explain and apply their knowledge to different research domains, such as physics, chemistry and biology, in particular at nanoscale, what we cannot explain by the classical physics.  

Recommended or required readings: books « Photonic Crystals Molding the Flow of Light (Second Edition) »

List of teachers: Joseph Zyss (Prof, ENS Cachan), Ngoc Diep LAI (Ass. Prof, ENS Cachan)

Course title : Polymer-based photonic devices for optical communications and sensing

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory


	Physics

Engineering
	1 or 3
	50
	Lecture


	English
	ENS Cachan
	Chi Thanh NGUYEN


Prerequisites :  Wave optics and electromagnetism in matter
Objectives : (5 lines maximum) This course, which is devoted to photonic devices for applications in the domains of optical communications and sensing, covers both theoretical and practical aspects of the physics of photonic devices, the fabrication and the characterization techniques of these devices, which are based on organic materials. It also introduce to the molecular photonics in some organic active materials. Applications of polymer-based photonic devices in optical communications and optofluidic devices in biochemical sensing will be finally presented.
Related courses :
Contents (detailed description, maximum half a page) will be presented.

	Outline
	Lecture

	Base of waveguided optics
	14 hours

	Introduction to photonic crystal guiding
	10 hours

	Introduction to organic materials for photonic devices
	12 hours

	Polymer-based electrooptic devices for optical communications
	8 hours

	Polymer-based optofluidic devices for sensing
	6 hours

	
	


Evaluation method :  Homeworks reports (1/3 of weight of global mark) + Written exam based on study of research papers (3 hours duration, 2/3 of weigth of global mark).
Learning outcomes : Possessing the basic knowledges of physics of waveguided photonic devices, of organic materials for photonic devices and their applications in optical communications and sensing. 

Recommended or required readings
Bibliography will be presented in introduction course.
List of teachers : 

Chi Thanh NGUYEN
Microwaves and photonics
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Optional
	Physics
Engineering


	1 or 3
	50
	Lecture

Lab hours


	English
	ENS Cachan
	Bernard Journet


Prerequisites: 
Basic knowledge about electrical and optical fundamentals; Maxwell's equations in vacuum; mathematical operators; complex numbers; Fourier analysis.
Objectives:
The purpose of this course is to present the fundamentals of electromagnetic waveguides (in case of transmission lines studied as an electrical structure) that are: propagation phenomenon, reflection coefficient, characteristic impedance and standing waves. Then metallic and dielectric waveguides will be introduced based on Maxwell's equations formalism. Optical fibre waveguides will be studied followed by the architecture of optical digital transmission systems which they are involved in. 
Related courses:
Polymer-based photonic devices for optical communications and sensing.

Contents:
	
	Lecture
	Lab Work

	Microwaves

Transmission in case of distributed element model; S parameters

Smith chart, impedance matching
Measurement techniques (network analyser)
Single conductor waveguides (TE and TM modes), dispersion
	20h
	10h

	Optical fibres 

Determination of the different modes

Dispersion and absorption phenomena

Fabrication process
	10h
	

	Optical telecommunications

Optical digital transmitters and receivers, optical amplification

Digital data transmission, different standards

Wavelength division multiplexing (WDM) technique, dispersion effects
	10h
	


Evaluation method:
Written exam (weight 3 for microwaves, 3 for optical fibres and telecom) and Lab reports (weight 1).

Learning outcomes: 
Students will be able to design transmission lines or amplifiers by using the Smith Chart, and to make S parameters measurement. They will be able to use simulation software. From the basic knowledge about optical waveguides they will master the concepts of absorption, chromatic dispersion and intermodal dispersion, leading to a good understanding of the optical telecommunications systems requirements.

Recommended or required readings:

D. M. Pozar, "Microwave engineering", Wiley Ed.

K. Zhang, D. Li, "Electromagnetic theory for microwaves and optoelectronics", Springer Ed.
List of teachers: 
Bernard Journet (assistant professor at ENS Cachan), Eric Vourc'h (assistant professor at ENS Cachan)
Course title : Nanothermics
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Physics


	1 or 3
	30
	Lecture

Lab hours
	English
	Ecole Centrale
	Bruno PALPANT


Prerequisites : (1 line) : BsC in Physics, or having followed the Fundamentals in Physics course of MONABIPHOT

Objectives : (5 lines maximum)

To present the basic concepts of thermal exchanges at the nanoscale: heat conduction by phonons, radiative heat transfer, heat generation and detection by localized plasmons. To put a special emphasis on examples of relevant applications such as energy transport and conversion, thermophotovoltaics, nanoelectronics, microscopy and metrology, photothermal imaging or novel therapies against cancer.
Related courses :
Contents (detailed description, maximum half a page) will be presented.

In this course different aspects will be covered, in the form of lectures devoted to formal basis, modelling approaches, recent experimental results and applications in various fields. Topics included: phonon transport in nanostructures, near-field radiative heat transfer, light-heat conversion in metal nanoparticles, thermoelectricity, metrology tools (scanning thermal microscopy, topological probes and thermal imaging of nanostructures, numerical modelling of heat transfers). Lab works are also included based on research metrology tools.  

	
	Lecture
	Lab Work

	
	n hours
	l hours

	· Heat generation and transport at the nanoscale

· Phonon transport in nanostructures

· Near-field radiative heat transfer

· Photo-induced heat generation and applications

· Thermoelectricity

· Metrology and simulation (labworks)

· Thermal topography measurements with Scanning Thermal Microscopy (in Orsay campus)

· Measurement of surface heat topography by infrared AFM (in Orsay campus)

· Numerical simulation of thermal exchanges by Molecular Dynamics
	15


	12


Evaluation method: Oral exam (65%, work on articles with a 2-week preparation) and report on Lab Work  (35%).
Learning outcomes (5 lines maximum, describing the skills acquired at the end of the course)

Basic knowledge of the laws of thermal transport at small space and time scales, near-field heat transport by photons, ballistic and diffusive transport by phonons, heat generation by plasmon. Mastering local topography instrumentation methods to investigate the thermal response of nanostructures.

Recommended or required readings

Sebastian Volz, Microscale and nanoscale heat transfer, Springer, 2007

List of teachers : Bruno Palpant, professor at Ecole Centrale Paris, Sebastian Volz, research director at CNRS, Alexandre Dazzi, assistant professor at Université Paris Sud, Yann Chalopin, researcher at CNRS
Course title: Nonlinear Optics

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Physics


	1 or 3
	30
	Lecture

Paper reports
	English
	ENS Cachan
	Ngoc Diep Lai


Prerequisites: Optical physics and electromagnetism (L3 level)
Objectives: First to give basics of nonlinear optics and its applications to laser technology. Second, to explore the relatively recent domain of nonlinear optics from to micro towards the nanoscale, including nonlinear effect in micro and nanostructures, nonlinear photonic crystals, as well as some far-field nonlinear microscopies and nanoscopies. Applications in physics and biology will be discussed

Related courses : Light-Matter Interactions, Nanophotonics

Contents (detailed description, maximum half a page) will be presented.

	Outline of the course
	Lecture
	Exercise

	
	20 hours
	8 hours

	· Short overview of nonlinear optics

· Introduction to nonlinear optics

· general idea

· reminder of linear optics

· a classical model for nonlinear effects

· problem solving session

· Nonlinear of bulk systems – coupled-wave theory

· propagation equation

· a fully treated useful example : non-resonant second-harmonic generation, phase matching and phase mismatching

· problem solving session

· Second-order and third-order nonlinear optics

· Second-harmonic and third harmonic generation

· Parametric amplification, Pockel and Kerr effects, etc.

· problem solving session

· Nonlinear optics in micro- and nano-structures

· Quasi-phase matching technique: structures 1D, 2D and 3D

· Nonlinear photonic crystals: perfect phase matching.

· Fabrication and applications of nonlinear photonic crystals

· Nonlinear microscopies and nanoscopies

· What does (or does not) matter from bulk to nanoscale

· Multi-photon microscopies in nanophotonics and biosciences: SHG, TPFE, THG, T3FE, CARS, EO, STED, structured illumination, ...
	
	


Evaluation method: Oral examination based on a study of recent scientific journal papers.
Learning outcomes: The course enables the student to go on to perform independent research in this field. In particular, students can understand, design and realize a new light wave by a frequency conversion method. Students will be able to explain and apply their knowledge of nonlinear optics to different research domains, such as physics, chemistry and biology, in particular at nanoscale.  

Recommended or required readings: book « Nonlinear Optics » of R. Boyd
List of teachers: Ngoc Diep Lai
Course title : Introduction to microfluidics : Fundamentals and applications

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	4
	Optional
	Physics

Engineering
	1
	40
	Lecture

Lab hours

Oral presentation
	English
	ENS Cachan
	Olivier Francais


Prerequisites : General background in physics or chemistry
Objectives : Microfluidics lectures aim to introduce students to fluid mechanics at the microscale, in the framework of lab-on-a-chips and their technology associated. Fluid mechanics at the microscale has the particularity to be multiphysics. Lectures contain both theoretical backgrounds and microfabrication analysis. Examples of technical solutions illustrate the course.  Practical work will give the possibilty for students to design, fabricate and characterise a microfluidic chip.
Related courses : ICR - 
Contents :
	
	Lecture
	Lab Work

	
	n hours
	l hours

	I. Introduction

- Concept of Microsystems : case of BioMEMS and microfluidic


- Scaling laws in Microsystems

II. Microtechnologies and Microfluidic

- Clean room, Photolithography and Microelectronics technology


- Microfluidic technology : glass, silicon, polymer (moulding-casting)

- Case study : Micromixer and MicroPCR

III. Physics of microfluidic (12h MCJ)

- Microhydrodynamics : continues microfluidics
- Capillarity: digital microfluidcs - Droplet
- Electro-hydrodynamics (EHD)
- Mixing and sorting in microfluidics
V Practical training

- Lab1 : Microfluidic design with the help of Comsol ©
- Lab2 : Fabrication and testing of a micromixer in PDMS
- Lab3 : Droplet generator and phase diagram characterisation
	6
10

12

	12



Evaluation method :  50% : Written exam (3h), 25% : oral presentation(30min),25% : lab work report.
Learning outcomes : This lecture gives a wide knowledge of microfluidic principle in both physics and microtechnologies associated. Students are able to design a system involving microfluidic constraints (Identify, model and solve microfluidic problems taking into account size réduction impact). Lab works make connection with conducting experiments in the field of microfluidic in both flow or pressure control.

Recommended or required readings :

Fundamentals and applications of Microfluidics, Nguyen and Wereley, Artech House

Introduction à la Microfluidique, P. Tabeling, Belin

Theoretical Microfluidics, H. Bruus, Oxford University Press

List of teachers :


 - Marie Caroline JULLIEN (ESPCI) : Physics in microfluidics


- Valérie GENOT (PPSM): Practical in microfluidics and chemistry


- Olivier FRANCAIS (SATIE) : Microtechnologies in Microfluidics and BioMEMS


- Jean Pierre LEFEVRE (PPSM) : Microfluidics platform responsible

Course title : Biophotonics : Theoretical aspects to the use of fluorescence in Biology

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Optional
	Biology
	1 or 3
	52
	Lecture
	English
	ENS Cachan
	Eric Deprez


Prerequisites  : A background in Biology is preferable
Objectives : To present the theoretical aspects of biophotonics used for studying supramolecular complexes and cell imaging. Fluorescence in biological sciences encompasses a broad spectrum of techniques at the forefront of the Biology-Chemistry-Physics interface. This course is therefore devoted to teaching new methods in time-resolved fluorescence as well as applications for studying living cells.

Related courses :
	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	Course (30 hours) :

· Introduction to fluorescence in Biology. Principles of steady-state and time-resolved measurements. Influence of solvent polarity on emission spectra. Quenching of fluorescence…. Eric Deprez

· Intrinsic and extrinsic fluorophores, new photonic probes for Biology, quantum dots and applications in biology. Etienne Henry

· Introduction to Nonlinear Optics and lasers in Biological studies. Sophie Brasselet

· Fluorescence anisotropy and applications in studies of interactions between biological macromolecules. Eric Deprez

· Fluorescence Correlation Spectroscopy (FCS) and Fluorescence Cross-Correlation Spectroscopy. Etienne Henry
· Techniques of fluorescence imaging microscopy and confocal analysis. TIRF microscopy. Multiphotonic microscopy and analysis. Introduction to super-resolution microscopy (STED, PALM). Etienne Henry

· Fluorescence resonance energy transfer (FRET), principles and applications. Fluorescence lifetime imaging microscopy (FLIM), FRET/FLIM for studying protein-protein interactions in the cell context. Eric Deprez

· On the use of fluorescence in genomic studies: DNA technology, sequencing, quantitative PCR, FISH (Fluorescence In Situ Hybridization). Olivier Delelis
Instrumentation and analysis of research articles (22 hours) :

· Instrumentation for fluorescence spectroscopy / generalities. Example of a time-correlated single-photon counting experiment. FCS set-up (5H). Presentation of a confocal microscope and multiphoton microscopie (5H). E Henry, E Deprez, P Tauc

· Analysis of research articles (Confocal imaging, FLIM, FRET, Fluorescence anisotropy,…)
	4

4

2

4

3

4

4

3

12
	2

10


Evaluation method :  Written examination on theoretical aspects of fluorescence / Analysis of research articles.

Learning outcomes : Acquisition of the theoretical bases of the experimental methods underlying fluorescence-based imaging for biology. The students must have understood the principle of these techniques and to be able to master them quickly in an experimental environment.
Recommended or required readings: Joseph R. Lakowicz, Principles of fluorescence spectroscopy. Springer (2006).
List of teachers :  Eric Deprez, Etienne Henry, Sophie Brasselet, Olivier Delelis, Patrick Tauc
Course title : BIOSENSORS
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Optional
	Physics

Chemistry

Biology
	1 or 3
	54
	Lecture

Lab hours


	English
	Cachan
	Pansu Robert


Prerequisites : chemical equilibrium, thermochemistry and kinetics. Electrochemistry 
Objectives : 

The students will be able to understand the working principle of ion selective electrodes, Ion Sensitive Field Effect, Organic FET and commercial fluorescence and label-free sensing kits, to optimize them and create new ones. They will learn how to modify sensors’ surface in order to make them biocompatible for the specific application. Finally, one of the main objectives of this course is to understand the factors that can influence the specificity of macromolecular interactions in biological systems that are detected in biosensors.
Related courses : Fundamentals in Chemistry(3), Fundamentals in Biology (3), Molecular Nanophotonics (5), Molecules and Interactions (5), Conducting Polymers and OLED's (3),  Biophotonics: theoretical aspects of fluorescence in Biology (5), Light-Matter Interactions: Advanced (2), Chemical Sensors and Biosensors (7), Fluorescence microscopy and imaging in life sciences (6), Protein chemistry (4), Fluorescence techniques, image analysis (4), Fundamentals of molecular spectroscopy (4) 

Contents :
Fluorescence yield, spectra, lifetime, anisotropy and FRET can be used to probe, position, O2, pH, viscosity, polarity and proximity properties of the samples. Concepts of DNA Chips, Quantitative PCR, ELISA or ALPHA Screen. Potentiometry, Voltametry, Conductimetry and Field effect can be use to probe concentration, adsorption, activity. pH, Ca2+, O2 NO and glucose sensors will be described. 

	Outline (with number of hours per part)
	Lecture
	Lab Work

	
	46 hours
	8 hours

	· Introduction to DNA and protein biochemistry

· Biochemistry of macromolecular recognition and ligand binding

· Enzyme-based biosensors

· Surface functionalization

· Dynamic of macromolecular interactions (Surface Plasmon resonance)

· Detection concepts

· Fluorescence basic

· Analogical probing in fluorescence

· Digital probing in fluorescence

· DNA Chips

· Electrochemistry

· Ca2+ activity, in cuvette or in cells by FLIM

· Spotter Robot, SPR-Imaging
	2

4

6

4

4

4

3

3

2

2

6


	4

4


Evaluation method :   multiple-choice questions (2 hours 60 Questions) and lab work report.
Learning outcomes Working principle of fluorescence detection instruments. Notion of fluorescence yield, lifetime, polarisation. limits of detection. Stern Volmer Plot.  Ability to use and to understand the kits for the detection of ions in cells ; to read Quantitative-PCR reports ; to read a Biochip analysis report. Ability to optimize the organization and biochemical properties of the sensor in order to maximize the specificity of the biological interaction of interest or the sample property that needs to be measured. The interdisciplinary content of this work will allow the students to communicate and interact with experts from the different fields that are required to build a biosensor device.

Recommended or required readings

Molecular fluorescence principles and applications / Valeur Bernard / Wiley-VCH - Introduction to fluorescence sensing / Demchenko Alexander P. / Springer - 2009 Orellana, G. and Moreno-Bondi, M. C. (2005) "Frontiers in chemical sensors: novel principles and techniques" Birkhauser. 

List of teachers : Robert PANSU (DR CNRS), Pierre AUDEBERT (Pr ENS Cachan), Bianca SCLAVI (CR CNRS), Claude NOGUES (CR CNRS)
Course title : Ion Channel recording using biochip technology (30 h + 20 h)
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Optional
	Biology

Engineering
	1 or 3
	50
	Lecture


	English
	ENS Cachan
	Bruno Le Pioufle


Prerequisites : (1 line) : Basic notions of biology, especially DNA and sensing methods
Objectives : This course propose to review most recent research and industrial developments in micro and nanotechnology devoted to biological applications. The impact of nano and microtechnologies on biology is quite huge, as demonstrated by the DNA chips that became nowadays a commonly used technology for many applications. New biochips generations, also involving micro or nanotechnology are nowadays developed in research labs, as protein chips or cell chips. The ICR course will review all these technologies, in particular DNA biochips, protein biochips (electrospray in microfluidic chips, 2D electrophoresis), cell biochips (electroporation, cell sorting,…), and a particular focus will be made on membrane protein biochips.

The ion transport across the cell membrane – are involved in many cardiovascular and nervous system diseases. 

The use of micro and nanotechnologies makes possible the single molecule electrical or optical recording of these membrane proteins reconstituted in a natural or artificial lipid bilayer membrane.

Related courses : Microfluidics
	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	1. DNA chip, concept of successive photoexposures to develop high throughput chips

2. Soluble protein chips- electrospray generation in a chip, 2D electrophoresis on a chip

3. Membrane protein biochips

a. Main systems for ion channel recording, patch clamp, planar patch clamp, population patch clamp, artificial lipid bilayers membranes (LBM) : the different ways available to record the functionnal ion channel inserted and in the lipid bilayer are recalled and compared

b. Sructure and fabrication of membrane protein chip, physical properties, sealing, capacitive noise,.- Glass, silicon or polymer technology

c. Methods to reconstitute LBM, painting method, Lanmuir-Blodget : how to reconstitute a lipid bilayer membrane over an aperture opened in a substrate. Different methods, like Langmuir-Blodgett method, or simple painting method will be recalled. 

d. Membrane Protein insertion in LBM. Liposomes, Giant liposomes, electroformation... : how to insert the membrane protein inside the lipid bilayer membrane previously reconstituted on the chip. Electroformed giant liposomes is a promising alternative.

e. Recording with patch clamp : tiny current (down to the pA) have to be mesured when monitoring electrically the ion-channel. The method will be presented.

f. Optical monitoring (TIRFM, FRET) : method for the optical monitoring of the membrane protein presence and activity, inside artificial lipid bilayer membranes.

4. Cell biochips – use of electrical field or other means to handle, sort, or treat cells. Dielectrophoresis trapping, optical traps, fluidic aspects, cell arraying, electroporation on a chip
	3
3
3

3

3

3

3

3

6
	4
4

4

4

4


Evaluation method :  Written exam, lab work report
Learning outcomes : theoretical and experimental skills in the domain of biochips
Recommended or required readings

List of teachers : Bruno Le Pioufle

Course title : Signal Processing
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Optional
	Engineering
	1 or 3
	50
	Lecture


	English
	ENS Cachan
	Jean-Pierre Barbot


Prerequisites : (1 line) :  Basic notions on communication technologies
Objectives : This course aims at the acquisition of basic knowledge about the analysis, the understanding and the elaboration of a digital transmission line 
Related courses : Microwaves, : Polymer-based photonic devices
	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	- Signal processing fundamentals

- Introduction and definitions

- Classification

- Deterministic signals

- Random signals

- The signal processing for digital communications

- Introduction to digital communications

- The baseband transmission

- The source coding

- The in line coding


- The channel Coding

- The transmission over a carrier frequency


- The digital modulations and demodulations


	25

25
	


Evaluation method :  Written examination and paper analysis
Learning outcomes : Theoretical l skills in coding and transmission
Recommended or required readings : Sophocles J. Orfanidis, Introduction to Signal Processing, Prentice Hall, 2010.
List of teachers : Jean-Pierre Barbot, Eric Vourc’h
 Course title : Cellular biology of cytoskeleton
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Optional
	Biology
	3
	60
	Lecture

Lab hours
	French
	Cachan
	Pascale Rialland-Lefèvre


Prerequisites : Basic notions of Biology
Objectives : 

To describe the structural and functional aspects of cytoskeleton. These structures are described at both molecular and supramolecular levels, especially on the dynamic point of view. The functional aspects encompass cell multiplication, and adherence and motility processes as well.  A significant part of the course is devoted to the description of the proteins responsible for the regulation of cytoskeleton dynamics and related cell functionalities (cadherins, actinins, catenins, etc. ) The associated lab hours are a practical illustration of the above elements and will make student more familiar with the various analysis methods used for the exploration of cytoskeleton : fluorescent tagging, imaging.
Related courses : Fundamentals in Biology (3) Biophotonics: theoretical aspects of fluorescence in Biology (5)
Contents :
	Outline (with number of hours per part)
	Lecture
	Lab Work

	
	
	

	Theoretical courses
· Microscopy techniques in biology
· Microtubules : structural and functional aspects.  Spindle formation,  aster positioning
· Actin in non-muscle cells : Compartimentalization, dynamics, pharmacological effectors, effector proteins in actin dynamics
· Actin and cell motility : Lamellipods, Filopods, protein regulation
· Cytoskeleton and cell adherence : Adherence proteins and actin, cell-matrix adherence, cell-cell adherence 
· Intermediate filaments : structural and functional aspects 
· Role of cytoskeleton in viral transport: Retrograde and anterograde transport. Cytoplasm-nucleus translocation 
· Cytoskeleton and malignant transformation
Lab hours

· Cell culture techniques in L1 and L2 Labs
· Visualization of cytoskeleton components
· Observation techniques, tagging, confocale microscopy
· Visualization of actin filaments, of tubulin and vimentin
· Relationship between cytoskeleton and phenotype
· Differential observation of non-tumor fibroblasts and of transformed fibroblasts 
· Relationship between cytoskeleton and cell adherence
· Cell-cell interactions 
	20

40
	


Evaluation method :   Written examination and oral paper analysis (in English)

Learning outcomes : Theoretical and practical skills in cell characterization techniques

Recommended or required readings : Ray. H. Gavin : Cytoskeleton : Methods and protocols, Humana Press
. 

List of teachers : Pascale Rialland-Lefevre
Course title : Biochemistry and Molecular Biology of synapse
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Optional
	Biology
	3
	70
	Lecture

Lab hours
	French

English
	Cachan
	Michel Simonneau


Prerequisites : Basic notions of Biology

Objectives : 

To initiate students to the study of synapse, via biochemistry experimental methods ( synaptosoms, functional analysis of the synapse via fluorescent markers, western blot), cell biology (culture of neurons, , immunocytochemistry of membrane receptors, confocal microscopy) and molecular biology  (Transient transfection of neurons) ; Q-PCR). Conferences given by experts will complement this training. 

Related courses : Fundamentals in Biology (3) Biophotonics: theoretical aspects of fluorescence in Biology (5)

Contents :
	Outline (with number of hours per part)
	Lecture
	Lab Work

	
	
	

	Practical training of basic methods of subcellular fragm entation on neurons and of genetic manipulation of neurons. 

The preparation of synaptosomes will allow to visualize the liberation of glutamate and its pharmacological manipulation. 

Construction of a tra,sgene in an expression vector.

Training on neurone cultur (mouse brain)

Transfection and analysis of these neurons (confocal microscopy)

Study of transgene expression via fluorescence (GFP) and luminescence (luciferase-luminometer). 

Four seminars (2 hours each) will presented on the following topics : manipulation of BAC via homologous recombination in E. coli ; optogenetics and neuron  manipulation; identification  of elements.]
	10

10

10

10

5

5

20
	10

10

10

10

5

5




Evaluation method :   On results from experimental work and reports on seminars 
Learning outcomes : Theoretical and practical skills in neurobiology techniques

Recommended or required readings : 
. 

List of teachers : Michel SIMONNEAU and Aude-Marie LEPAGNOL-BESTEL
Course title : French as Foreign Language

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory


	Language
	1
	56
	Interactive lessons
	French
	Cachan
	Frédérique Chef

Maud Merciecca


Prerequisites : :
· Beginners : no prerequisite
· Intermediate : having followed the fundamentals in French during at least 3 months (level A2) 
·  Advanced : reading and practising everyday language (level B2) 
Objectives : (5 lines maximum) To learn to speak and write. To improve the student’s command of language. To discover French culture. To get familiar with the French way of life. To learn to communicate in everyday life situations
Contents : In these courses, different aspects will be covered : grammar, phonetics, oral and writing comprehension exercises, notions of French culture.

Activities : presentations, debates, role-plays, writing

Supports : articles, schoolbook texts, broadcasts from the Internet, short films, film extracts

Lab works will be also included.
	
	Lecture
	TD

	
	n hours
	l hours

	Beginners’ intensive training course

Beginners’course Two hours a week

Intermediate course Two hours a week

Advanced course One hour and a half
	
	24
32
32
24


Evaluation method : homework, presentations,  written or oral exam (with duration), one at the end of the intensive training course, one at the end of each semester.

Learning outcomes
· Beginners : basic skills in French communication

· Intermediate : to be able to communicate in several everyday life situations

· Advanced : to express personal opinions, to read scientific articles, to debate
Recommended or required readings: textbooks will be used during lessons.
List of teachers :  Maud Merciecca et Frédérique Chef, teachers of French as a Foreign Language
Written and oral communication in scientific English

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory


	Language
	1
	30
	Interactive lessons
	English
	Cachan
	Hélène Windish


Prerequisites : 

An intermediate level in English
Objectives : Develop oral and written communication skills in scientific English, by focusing on scientific conferences and research papers.

Help students understand the academic world and the context of research in France, Britain and the US.
Contents  
Help students reach an intermediate or advanced level at the end of the course.

Provide learning strategies and resources to help students improve their English on their own. 

Evaluation method : homework, presentations,  written or oral exam (with duration), one at the end of the intensive training course, one at the end of each semester.

Evaluation method : Students will have to give an oral presentation in groups, and take a written exam at the end of the course. Attendance and participation in class will also be assessed.

Learning outcomes
Advanced : to express personal opinions, to read scientific articles, to debate
Recommended or required readings: textbooks will be used during lessons.

List of teachers :  Hélène WINDISH,  Dominique LAGROST 

Spanish course for Beginners in Cachan

(for the Erasmus Mundus Master Course only)

No credits

This course will be proposed every Friday, from mid-September  till mid-December  from 18 h 30 to 20 h 30.

Total of hours: 30

Instructor : Ignacio Muñoz Bielsa

Place : Bâtiment Cournot room 225 (and “multimedia room”)

There will be an additional lecture some Saturdays morning. The exact date of these additional courses will be fixed in common agreement between the professor and the students. 

Complutense University, Madrid
Course Title: Advanced Polymers. PREPARATION, CHARACTERIZATION AND applications

	ECTS
	Type 
	Discipline
	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Chemistry
	2
	30
	Lecture


	English
	UCM
	José Luis Segura Castedo


Prerequisites: 

Objectives:
· Familiarize the student with the concepts of macromolecule.

· Study the main types of polymerization techniques.

· Study the main polymer characterization techniques

· Relate polymer structures with their properties and applications.

· Study the most relevant applications of polymers emphasizing their commercial applications.

· Introduce new types of macromolecular systems emphasizing their applications in novel technologies.

· Let the student become aware of the main environmental concerns with regard to polymers and highlight the importance of recycling and biodegradability.

Related courses: Nanomaterials, Biomaterials, Supramolecular Chemistry
Contents.

	
	Lecture
	Lab Work

	
	n hours
	l hours

	1.- Macromolecules: introduction and fundamentals

2.- Polymer structure and properties

3.- Basic principles in polymer chemistry

4.- Spectroscopic and physical characterization of polymers

5.- Natural and green polymers

6.- Polymers and the environment: Recycling of Polymers

7.- Polymer science and technology

8.- Advanced applications of polymers: polymers in optoelectronics, biomaterials, lasers and sensors.
	2
2
5
5

2

2

4

8
	


Evaluation method:
Evaluation throughout the course includes oral presentations, resolution of exercises and a written closed-book exam.
Learning outcomes:

On successful completion of this course, the student: will have a broad knowledge of the principles and concepts of contemporary polymer chemistry, can discuss and define the basic concepts of polymer synthesis, can elucidate the basic reactions in polymer chemistry, can describe the physical properties of different polymers, can describe the different experimental techniques used in the characterization of polymer solutions, can describe the main applications of polymers.

Recommended or required readings
1. Principles of Polymerization. 4th Edition. George Odian, Wiely-Interscience Publ. USA, 2004

2. Polymer Characterization Ed. B.J. Hunt, M.I. James; Chapmann and Hall, Glasgow, U.K., 1993

3. Applied Polymer Science 21st Century. Ed. C.D. Craver, C.E. Carraher, Elsevier, 2000

4. Handbook of conducting polymers, Ed. Skotheim, Elsenbaumer, Reynolds, Marcel Dekker, 1998

List of teachers:

José Luis Segura Castedo
Course Title: CHEMICAL SENSORS AND BIOSENSORS
	ECTS
	Type 
	Discipline
	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Compulsory


	Chemistry

Biology
	2
	60
	Lecture

Lab hours
	English
	UCM
	M. C. Moreno-Bondi


Prerequisites : Knowledge of fundamentals in Chemistry
Objectives:  This subject aims to introduce the students in the fundamentals and selected applications of chemical sensors and biosensors
Related courses: Applications of Organic Photochemistry
Contents
	
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Chemical sensors: their role in Analytical Chemistry

2. Optical sensors. Optical fiber. Measuring principles. Immobilization procedures. Recognition elements. 

3. Optical sensors. Gas sensors. Sensors for anions and cations. Sensors for organic compounds.

4. Optical biosensors. Classification. Enzyme based biosensors. Affinity biosensors. DNA biosensors. Sensors based on the use of whole cells. Application fields.

5. Electrochemical sensors. Introduction and concepts. Recognition elements. Self-assembled monolayers modified electrodes. Carbon nanotubes modified electrodes. Polymer modified electrodes. Composite electrodes. Microelectrodes

6. Electrochemical biosensors. Introduction and concepts. Classification. Immobilization procedures. Enzymatic biosensors. Affinity biosensors. DNA biosensors. Application fields
Invited lectures by renowned speakers:
1. Sensors based in other transduction principles

2. Integrated devices

Related lab experiments: 

1. 1. Enzymatic electrochemical biosensors: fabrication procedures and application to the determination of an analyte of interest. 

2. 2. Applications of optical gas sensors and immunosensors based on fluorescence techniques.

3. 3. Instrumental methodologies used in electrochemical impedance spectroscopy, surface plasmon resonance and quartz crystal microbalance.
	45
	15


Evaluation method: 
- Class work: 5%. ; - A student group work on a particular (bio)analytical problem will be defended at the end of the course: 30% ; - Practical work: 35% ;  - A final exam (test): 30%

Learning outcomes:

Application of the acquired knowledge on chemical sensors and biosensors, both theoretical and practical, to chemical problems solving in various areas.

To make judgements from acquired chemical information that include a reflexion on social responsibilities and sustainability. Interrelate  and relate the acquired knowledge with real problems in environmental, food and clinics.

Recommended or required readings

B.R. Eggins, Chemical Sensors and Biosensors, John Wiley, 2002.
List of teachers: M. Cruz Moreno-Bondi, Concepción Pérez-Conde, María Pedrero, Fernando Navarro, Susana Campuzano.
Course Title: APPLICATIONS OF ORGANIC PHOTOCHEMISTRY
	ECTS
	Type 
	Discipline


	Semester
	Hours
	Mode of delivery
	Language
	Place
	Persons in charge

	4
	Compulsory


	Chemistry


	2
	40
	Lecture

Lab hours
	English
	UCM
	Diego Armesto

Guillermo Orellana


Prerequisites:

Basic knowledge of Chemistry and Physics.
Objectives:
To make the students acquainted with modern Photochemistry concepts and techniques, and some of its applications in Chemistry, Biology, Medicine, environmental monitoring and optical sensors through both class presentations and discussions, plus laboratory sessions using laser instrumentation.
Related courses: Chemical sensors and biosensors
Contents:
	
	Lecture
	Lab Work

	
	n hours
	l hours

	– Introduction: Photochemistry as a multidisciplinary field with applications in Chemistry, Biology, Medicine, environmental monitoring and chemical sensing, among others.
– Basic concepts and techniques. Interaction of electromagnetic radiation with matter. Jablonsky diagram. Sensitization and quenching. Photoinduced electron transfer. Illumination sources. Filters. Photochemical reactors.

– Applications of Photochemistry in Biology and Medicine. Biological effects of UV radiation. DNA photochemistry. Photosensitization. Sunburn and suntan. Photodynamic Therapy (PDT): Historical background; tumor detection using porphyrins; cancer treatment; photosensitizers approved and under investigation. PDT for other diseases: Age-related macular degeneration; atherosclerosis; infectious diseases. Nanoparticles and PDT.

– Life and times of electronic excited states. Techniques for measuring excited state lifetimes: (i) Pulsed laser pumping & fast sampling (LFP); (ii) Single-photon timing (SPT); (iii) Phase-sensitive detection of the emission. Laser-flash kinetic spectrometry for the study of photochemical processes. Kinetics of molecular deactivation: electron transfer and energy transfer quenching. Excited state proton transfer. Identification of photochemical intermediates: absorption spectroscopy of transient and reactive species (e.g. radical-ions, singlet molecular oxygen).
– Molecular engineering of luminescent indicator dyes. Application of Photochemistry to chemical optosensor development for environmental monitoring and process control.
	2
8

10

8

6

	4

2


Evaluation method: 
Class/lab assignments during the course (20%); participation in class/lab discussions (20%); final exam (1 h) (60%).
Learning outcomes:
The students should be able, at the end of the course, to:

– Understand what makes the (electronic) excited states of molecules different from regular, ground state species;

– Know what techniques are used to carry out photochemical processes and to monitor the fate of excited states;

– Realize what Photochemistry can do in the Life Sciences, in Chemistry and industrial/environmental technology;

– Be able to connect photochemical tools with their widespread applications and the particular nature of the light-matter interaction.
Recommended or required readings

– N.J. Turro, J. Scaiano, V. Ramamurthy: Modern Molecular Photochemistry of Organic Molecules. University Science Books, Sausalito, California, 2010.
– P.N. Prasad: Introduction to Biophotonics, Wiley-Interscience, Hoboken, NJ, 2003.
List of teachers: Prof. Diego Armesto, Prof. Guillermo Orellana (www.ucm.es/info/gsolfa)
Course Title: SUPRAMOLECULAR CHEMISTRY

	ECTS
	Type 
	Discipline
	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Chemistry
	2
	30
	Lecture


	English
	UCM
	José Osío


Prerequisites: 
Basic knowledge of organic chemistry

Objectives:
Acquisition of basic knowledge of Supramolecular Chemistry.Identification of the main noncovalent interactions, molecular receptors and supramolecular structures.Applications.

Related courses:Organic Molecular Materials, Nanomaterials, Chemical Sensors and Biosensors

Contents:
	
	Lecture
	Lab Work

	
	n hours
	l hours

	Introduction. Basic concepts in Supramolecular Chemistry
Solution host-guest chemistry. Binding of cationic, anionic and neutral guests.

Molecular topology. Rotaxanes. Catenanes. Molecular machines. 

Solid state Supramolecular Chemistry. Crystal engineering. Clathrates. Zeolites.
Applications.
	6
6
6
6

6
	


Evaluation method:
Seminars, oral presentations, exam.
Learning outcomes.

Basic knowledge of the main concepts and applications of Supramolecular Chemistry.Development of strategies for the design of supramolecular structures taking into account the principles of sustainable chemistry.Oral communications skills.

Recommended or required readings:

Supramolecular Chemistry, J. W. Steed, J. L. Atwood, Wiley.

Core Concepts in Supramolecular Chemistry and Nanochemistry, J. W. Steed, D. R. Turner, K. J. Wallace, Wiley.

List of teachers: Prof. Nazario Martín, Prof. José Osío, Prof. María J. Mancheño, Prof. Luis Sánchez, Prof. Beatriz Illescas, Prof. María A. Herranz.

Course Title: ELECTRON MICROSCOPY AND ASSOCIATED TECHNIQUES
	ECTS
	Type 
	Discipline


	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	4
	Optional
	Physics

Chemistry
	2
	40
	Lecture

Lab hours
	English
	UCM
	Ester García González


Prerequisites:

Basic knowledge of diffraction physics theory and spectroscopy 
Objectives:

To show the importance and uniqueness of electron microscopy and analytical associated techniques as a tool to understand the structure of very different kind of materials at the atomic scale.

Related courses:
Contents:
	
	Lecture
	Lab Work

	
	n hours
	l hours

	Electron Beam Interaction with a specimen

Transmission electron microscopy/microscope (TEM).

Electron Diffraction
Bragg`s Law: Geometry of Diffraction-Ewald’s Sphere. Diffraction Modes: Selected Area Electron Diffraction (SAED), Microdiffraction, Convergent Beam Electron Diffraction (CBED).

Principles of image formation

The Contrast Transfer Function. High Resolution Transmission Electron Microscopy (HRTEM). Incoherent images. High Resolution Scanning Transmission Electron Microscopy (HRSTEM). Exit Wave Reconstruction. Cs-correctors. Electron Holography. Tomography.

Structural images calculations.

Simulation and Processing. Examples.

Analytical Electron Microscopy.
Scanning electron microscopy/microscope (SEM). Contrast and image formation. X-ray detectors and their principles. Energy Dispersive X-ray Spectrometry (XEDS). Wavelength Dispersive X-ray Spectrometry (WDS). Electron Energy Loss Spectroscopy (EELS) and Energy Filtering (EFTEM).
	25


	15




Evaluation method:

Practical and written exercises at the end of the lectures period.

Learning outcomes:

To get knowledge about the structure-properties relationship in materials science

Recommended or required readings:
1. B. Williams and C.B. Carter, Transmission Electron Microscopy. A Textbook for Materials Science, Springer, 2nd Ed., 2009.

List of teachers:
Khalid Boulahya

Ester García González

Jose María González Calbet

Carlos Otero Díaz
Course Title: NANOMATERIALS

	ECTS
	Type 
	Discipline


	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	4
	Compulsory


	Physics

Chemistry
	2
	40
	Lecture

Paper reports
	English
	UCM
	Mª José Torralvo


Prerequisites:

Objectives:
· To describe the properties that differences the nano-objects and nano-structures.

· To explain the principles that controls the size effects in order to modulate the properties.

· To describe the synthetic and characterization techniques for nanomaterials.

Related courses:
Contents:
	
	Lecture
	Lab Work

	
	n hours
	l hours

	Nanotechnology: concepts, different perceptions of nanotechnology. Bottom-up versus top-down. Tools for nanosynthesis

Nanomaterial design: clusters, nanoparticles, nanowires, nanotubes

Synthesis in confined areas

Mesoporous solids: synthesis and properties. Guest-host chemistry. Applications in catalysis. Design of matrices for controlled drug delivery.

Electronic transport in nanostructures. Mesoscopic systems.

Optical properties of nanomaterials
Size effects on the magnetic properties of nanoparticles

	4
6
2

6

4

6

6

6
	


Evaluation method:

Written exercise and presentation of works at the end of the lectures period.

Learning outcomes:

On completion of the course, the student will: recognize and analyze the properties of the nanomaterials, and explain the effects of the particle size in these properties.

Recommended or required readings
1. Rao, C. N. R.; Müller, A.; Cheetham, A. K.: “The Chemistry of Nanomaterials. Synthesis, Properties and Applications”, Vols. 1 y 2, Wiley-VCH, 2004.

2. Vollath, D.: “Nanomaterials. An Introduction to Synthesis, Properties and Applications”, Wiley-VCH, 2008.

3. Schmid, G. (Ed.): “Nanoparticles. From the Theory to Application”, 2ª Ed., Wiley-VCH, 2005.

List of teachers: 
J. Ángel Martín-Gago

Regino Sáez
Antonio Salinas

Pedro Serena 

Mª José Torralvo
Course Title: BIOMATERIALS

	ECTS
	Type 
	Discipline
	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	4
	Compulsory

Optional
	Chemistry

Biology
	2
	40
	Lecture


	English
	UCM
	María Vallet Regí Antonio Salinas Sánchez

Daniel Arcos Navarrete




Prerequisites:

Objectives:
To know those materials that plays their role in contact with biological systems. Specifically the general characteristics and properties of synthetic and natural materials used in implants and medical devices, the applications of porous materials for tissue engineering and medicine regenerative, and the relationships between nanotechnology and health will be studied. 

Related courses:
Contents
	
	Lecture

	
	n hours

	1: Materials operating in contact with biological systems. Biocompatibility basis. Biomaterials designed to repair and regenerate damaged or diseased parts of the body. 

2: Biomaterials surface properties; analysis techniques. Sterilization of biomaterials. Foreign body reaction. Immune process

3:  Metallic biomaterials: properties and applications. Steel, cobalt, titanium alloys. New trends.
4: Polymeric biomaterials: properties and applications. Thermal and mechanical characterization. Bioestable and degradable polymers. Hidrogels. Smart polymers.

5:  Bioceramics: properties and applications. Ceramics, glasses and glass-ceramics for bone and dental restoration. Advanced and biomimetic bioceramics.
6: Biological biomaterials: collagen, gelatin, albumin fibrin, Chitosan and cellulose. Other implantable biopolymers.

7:  Composite biomaterials: properties and applications. Reinforcing and matrixes systems.

8: New strategies to prepare biomaterials: Woven textiles. Biological and physico-chemical modification of surfaces. Immobilization of biomolecules in biomaterials. 

9:  Biomaterials with hierarchical porosity for controlled drug release systems, tissue engineering and regenerative medicine.
10: Nanomaterials and biological systems. Drug targeting, hyperthermia treatment and gene transfection methods.
	3
4

5

6

6

4
3

3

3

3


Evaluation method:
A final exam on the theoretical content treaties will take place during the course. Activities, such as implementation and presentation of work and proposed debates will also be evaluated.

Learning outcomes 
To introduce to the student in the development, evaluation, and application of materials designed to be implanted, in a temporary or permanent way, in biological systems in order to repair, replace or regenerate living tissues and their functions.

Recommended or required readings
*1.- Vallet-Regí M, Munuera L. Biomateriales aquí y ahora, Dykinson, 2000.

*2.- Ratner B.D., A. S. Hoffman, F. J. Schoen, J. Lemons. Biomaterials Science. An Introduction to Materials in Medicine. (2ª edición) Academic Press. 2004 

3.- Guelcher SA, Hollinguer JO. An Introduction to Biomaterials. CRC Taylor & Francis  2006. 
4.- Vallet-Regí M., Arcos D.. Biomimetic nanoceramics in Clinical Use, RSC Nanoscience & Nanotechnology. Cambridge. (2008). 
List of teachers:
María Vallet Regí

Antonio Salinas Sánchez

Daniel Arcos Navarrete
Course Title: ELECTRICAL AND MAGNETIC MOLECULAR MATERIALS

	ECTS
	Type 
	Discipline
	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Optional
	Chemistry


	2
	30
	Lecture

Lab hours

Paper reports
	English
	UCM
	Santiago Herrero


Prerequisites:

Objectives: 
· To assess the importance of multifunctional molecular materials in technological development and daily life.

· To know the theoretical aspects that explain the properties of molecular materials based on the building blocks used to obtain such materials.

· To understand the magnetic interactions between the constituent units of a given material and relate to their composition and structure.

· To know different synthetic strategies for molecular and metal–organic materials with electrical or magnetic properties and processing of such materials towards potential construction of prototype devices.

· To know methods to generate nanostructures from coordination polymers with electrical or magnetic properties and their potential as components in nanoelectronics. 

Contents:

	
	Lecture
	Lab Work

	
	n hours
	l hours

	Design of molecular materials with electrical and magnetic properties. Molecular Nanostructures. Molecular Conductors. Approach to the electrical conductors based on coordination chemistry. Surface organization and electrical characterization. Single molecule experiments. Magnetic behaviour of mononuclear and polynuclear species. Magnetic Exchange. Molecular hybrid materials. Practical experiments.
	20

	10



Evaluation method:

Several general criteria will be used to evaluate the profit, skills and capacity of the students: Mainly, resolution of practical cases, experimental work, preparation and oral presentation of theoretical works.

Learning outcomes:

The student will have taken hold general knowledge about electrical and magnetic materials, knowing current use of new materials and new methods of synthesis and characterization of these materials, as well as new methods to measure electric and magnetic properties, both in the field of macro-scale and nano-scale.

Recommended or required readings
1. Materials Science and Technology, vol.3 "Electronic and Magnetic properties", K.H.J. Buschow, vol.4 "Electronic Structure and Properties" W.Schoter (R.W.Cahn, P.Hassen, E.J. Kramer Eds.) VCH, 1992.

2. Magnetism, principles and applications, D. Craik, J. Wiley,1995

3. Molecular Materials. D.W. Bruce, D. O’Hare, R.I. Walton (ed.). Wiley, Chichester, 2010.
4. Localized and Itinerant Molecular Magnetism, Ed. E. Coronado, P. Delhaes, D. Gatteschi y J.S. Miller, NATO ASI series E vol. 231 1996.

5. Gonzalo Givaja, Pilar Amo-Ochoa, Carlos J. Gómez-García, Félix Zamora. Electrical Conductive Coordination Polymers. Chemical Society Reviews 41,115-147, 2012.

6. Robert M. Metzger and Daniell L. Mattern. Unimolecular Electronic Devices. Top.Curr.Chem. 313, 39–84, 2012.

List of teachers:

Santiago Herrero Domínguez, Félix Zamora Abanades, Mª Pilar Amo Ochoa

Course Title: X-RAY DIFFRACTION AND SOLUTION OF CRYSTAL STRUCTURES
	ECTS
	Type
	Discipline
	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Optional
	Physics

Chemistry
	2
	50
	Lecture

Lab hours
	English
	UCM
	Khalid Boulahya


Prerequisites: :Basic notions of chemistry, physics and mathematics.
Objectives: 
· Students will learn the use of X-ray diffraction methods and their limitations.

· They will characterize different substances with X-ray diffraction methods, and solve their crystal structures.

· They will be able to check the validity of diffraction data and analyse them.

· The students will learn how to represent and describe a crystal structure.

	Contents:
	Lecture
	Lab k

	
	n hours
	 hours

	· INTRODUCTION TO CRYSTALLOGRAPHY:

·  Crystals

·  Symmetry. Point Groups, Plane and Space Groups

·  Diffraction

·  Reciprocal Space

·  Structure Factors

·  Fourier Transforms

·  Theoretical basis of data collection, structure solutions, refinement and interpretation
· PRACTICAL STRUCTURE SOLUTION (by means of Single Crystal XRD data)
· Select a good crystal: Transparent; Good faces, Good size.

· Cell parameters and Orientation Matrix Search
· Collecting data: Different strategies depending on: Crystal Symmetry; Crystal Diffraction; Temperature for collecting data

· Data Integration: Different mathematical treatments to extract the crystallographic information from the data collected.

· Space group assignation: Crystal symmetry, taking into account different variables: Systematic extinctions…

· Structure Solution: Methods based on different algorithms: Patterson; Direct Methods 

· Structure Refinement: Iterative process for improving the quality of the model found.

· Crystallographic Data for publishing: Tables; Graphical Representations; CIF files (Crystallographic Information File)

· POWDER X RAY DIFFRACTION:
· Cell parameters and Space group assignation from Powder Diffraction Data 

· Structure Determination from X-Ray Powder Data of Difficult Materials

· The Solution of Structures by Patterson Search Methods Using Powder Diffraction Intensity Data

· Combined Method for "ab Initio" Structure Solution from Powder Diffraction Data

· Application of X-Ray Powder Diffraction in Pharmaceutical Sciences

· Determination of the Magnetic Structure from Powder Neutron Diffraction
	35
	15


Evaluation method: tutorial work, resolution of practical cases, experimental work, preparation and oral presentation of theoretical and practical works. Written examination could be also used.
Learning outcomes:
The students will be able to understand X ray diffraction techniques applied to the structural characterization of crystalline materials. They will also be able to work with the data obtained from XRD and interpret the results.

Recommended or required readings: 

1. W. Clegg, A. J. Blake, R. O. Gould, P. Main, Crystal Structure Analysis, Oxford University Press, 2001.
List of teachers: Enrique Gutiérrez, Manuela E. Medina,  Josefina Perles, Khalid Boulahya, Ulises Amador
Course Title: MOLECULAR MATERIALS FOR LIQUID CRYSTALS AND NON-LINEAR OPTICAL PROPERTIES
	ECTS
	Type 
	Discipline
	Semester
	Hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory


	Chemistry


	2
	30
	Lecture

Lab hours

Paper reports
	English-Spanish
	UCM
	Mercedes Cano


Prerequisites:

Objectives:
· To assess the importance of molecular materials with liquid crystal and/or nonlinear optical properties in the current technologies.
· To know the theoretical aspects that explains these properties.

· To determine the molecular design to optimize the properties.
· To establish the molecular design of organometallic/metallorganic systems in order to get liquid crystals and/or nonlinear optical materials.

· To know the physical techniques to analyse the liquid crystal and nonlinear optical properties.

Contents 
	
	Lecture
	Lab Work

	
	n hours
	l hours

	A. LC MATERIALS

1. Liquid crystals. Basic principles: Introduction and background. Thermotropic and lyotropic LC. Types of mesophases.
2. Techniques of characterization: Polarized optical microscopy. Differential scanning calorimetry. X-Ray diffraction at low angles.
3. Metallomesogens: Design. Synthetic strategies. Physical properties. 
4. Applications of the LC materials: Liquid crystal displays. Liquid crystals in optics, biology, medicine and photonics. Other applications.
B. NLO MATERIALS

5. Fundamentals and concepts of NLO: Second-order non-linear processes. Third-order non-linear processes. Experimental techniques.
6. Organometallic/metallorganic compounds for NLO: The organometallic chemistry in NLO. Dipolar and multipolar molecules. Second and third-order NLO materials.
7. Technological applications of organometallic/metallorganic materials
	15

10

	5


Evaluation method:

Several general criteria will be used to evaluate the profit, skills and capacity of the students: experimental work, oral and written presentation of works, written examination.

Learning outcomes:

The students will have a broad knowledge of molecular materials with liquid crystal or nonlinear optical properties, and will know the techniques to determine these properties. They can also design synthetic strategies to optimize the properties, and can recognize technological devices based on these molecular materials. 
Recommended or required readings:

5. D.M. Roundhill, J.P. Fackler Jr. (Eds.), Optoelectronic properties of inorganic compounds, Plenum Press, New York, 1999.

6. S. Kumar, Liquid Crystals, Cambridge University Press, Cambridge, 2001.

7. J.L. Serrano (Ed.), Metallomesogens: Synthesis, Properties and Aplications, VCH, New York, 1996.

List of teachers: Mercedes Cano Esquivel, José V. Heras Castelló, José A. Campo Santillana
Wroclaw University of Technology 
Course title : Bioorganic Chemistry For Photonics
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Chemistry

Biology
	3
	30
	Lecture


	English
	WUT
	P. Mlynarz


Prerequisites : Organic chemistry, general chemistry, biology 

Objectives : The main aim of bioorganic chemistry is understanding how biological structures and dynamics of those systems and their functions are correlated at a molecular level. This target  is achieved through the synthesis of model substances mimicking those of the biological reactions or their intermediates.

Related courses : Bioorganic Chemistry with Elements of Biochemistry
	Contents: 
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Introduction to course: biopolymer building blocks, SwissPDB, protein structure 

2. Kinetical models of enzymes.

3. Chemical models of enzymes, molecular imprinting. 

3a. Micellar catalysis.

3b. Cyclodextrins 

3c. Cryptands and crown ethers. 

3d. Cyclophanes and their derivatives. 

3e. Dendrimers.

4. Biogenetic and probiotic reactions.

5. Biomimetics - artificial photosystem, molecular machines.

6. Key substrates.


	2h

2h

4h

2h

2h

2h

3h

2h

4h

4h

3h
	


Evaluation method :  Exam, Discussion. Bioorganic chemistry lecture course (30h) grade will be determined on the basis of final exam where set of problem should be resolved by the students (100% of the final mark).

Bioorganic chemistry seminar course (15h) mark will be based on the following:

· Responses to study activities posted on the discussion forum (30% of the final mark). 

· Oral presentations one of the bioorganic chemistry problem (70% of the final mark). 
Learning outcomes: Student will learn main aspect of biopolymer building blocks, will understand action and structures of enzymes. Will understand complexity of probiotic reactions and problems of photosystems both natural and artificial.

Recommended or required readings: Scientific review articles, bioorganic chemistry textbooks.

List of teachers : Piotr Mlynarz, PhD; Rafal Latajka, PhD
Course title : Bioorganic Chemistry with Elements of Biochemistry
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Chemistry

Biology
	3
	45
	Lecture


	English
	WUT
	P. Kafarski


Prerequisites : Organic and Physical Chemistry

Objectives : Bioorganic chemistry relays on the unification of established theories of biochemistry and organic chemistry to provide new insights into both divisions of chemistry. Knowledge of the chemical mechanisms of enzymatic reactions gives a basis for design of supramolecules able to recognize shape of the given molecule (“chemoreceptors”) or for construction of catalysts, which use mechanism elaborated by enzymes for catalysis (”enzyme models”). 

Related courses : Bioorganic Chemistry For Photonics
	Contents:
	Lecture
	Lab Work

	
	n hours
	l hours

	Courses

1. Insight into mechanism of enzymatic reactions at molecular level (kinetics of catalytic process, mechanisms of enzyme action, types of chemical effects required for efficient catalysis and its application to biocatalysis, chemical enzyme models)

2. “Artificial enzymes” build out on the basis of molecular recognition - abzymes, enzyme hybrids, molecular imprinting, supramolecular chemistry

3. “Artificial enzymes” build out on standard chemical skeletons -cyclodextrins, crown ethers, krypatands, catenanes and cavitands. 

4. Non-typical molecules - molecular knots, dendrimers, self-organizing systems (including those based on DNA), nanoparticles, nanostructures (including nanotubes)

5. Biomimetic molecular devices - “artificial phostosystem”, membrane mimics, artificial ionophores, molecular motors and machines, nanobiotechnology

6. Diagnostic chips and sensors (mostly optic ones)

7. Conceptions in bioorganic chemistry - primary organism, theory of building blocks, biogenetic chemistry

Laboratory 

Design, synthesis and evaluation of physicochemical properties of supramolecular, self aggregating, and sensory systems systems.


	4h

4h

4h

4h

4h

4h

5h
	15 h


Evaluation method :  Oral examination combined with discussion of laboratory results

Learning outcomes: Student will be oriented in the field of enzyme actions, catalytic processes, biocatalysis. He gets knowledge about main categories of artificial enzymes, self-organizing systems, molecular motors and machines. Student will understand how to implement this knowledge into design of sensors and sensory systems.

Recommended or required readings: scientific review articles, biochemistry textbooks.

List of teachers : Pawel Kafarski, Prof.; Piotr Mlynarz, PhD; Sylwia Sliwinska, PhD;

Course title : Fluorescence Spectroscopy and Imaging In Life Sciences
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Physics

Biology
	3
	30
	Lecture


	English
	WUT
	M. Langner


Prerequisites : General Physics, Physical Chemistry,

Objectives : General information on properties of biological systems (intra- and intermolecular interactions, entropic forces, dynamics of macromolecules and their ensembles) will be provided. Fundamentals of fluorescence phenomena and their application in the characterisation of biological systems will be discussed. 

Related courses : Bioorganic Chemistry with Elements of Biochemistry
	Contents:
	Lecture
	Lab Work

	
	n hours
	l hours

	Lecture contents (22 h)

1. Introduction to biological systems.

2. General properties of biological systems. 

3. The fluorescence phenomena.

4. Fluorescence spectroscopy.

5. Spectral analysis, dynamic and static quenching, polarisation, non-radiative energy transfer, and electron transfer. 

6. Intrinsic fluorescence of biological samples.

7. The properties of fluorescent amino acids.

8.  Selected fluorescent dyes and their biological applications

9. Hydrophobic and hydrophilic dyes, pH sensors.

10. Specialised fluorescence techniques. Multiparameter Fluorescence Detection.

11. The theory and instrumentation of fluorescence recovery after photo-bleaching, fluorescence correlation spectroscopy, and time-correlated single photon counting.

12. Fluorescence microscopy.

13. Green Fluorescence Protein.

Projects 

Designing selected fluorescence experiments

1. Describing the biological or model system.

2. Identifying parameters that are intended to be determined.

3. Selecting the experimental methodology.

4. Selecting the fluorescent probes.

5. Labelling samples and designing control experiments.

6. Data acquisition.

7. Data analysis and discussing results.


	1h

2h

1h

2h

2h

2h

1h

1h

1h

2h

2h

2h

2h


	8h


Evaluation method :  Written examination and project report.

Learning outcomes: General knowledge of fluorescence techniques and processes. Ability to use and analyse spectroscopic data of biological samples.

Recommended or required readings: 1) J. R. Lakowicz „ Principles of fluorescence spectroscopy” (1999) Kluwer Academic/ Plenum Publishers., 2) Bernard Valeur “Molecular Fluorescence - Principles and Applications” (2001) Wiley-VCH Verlag GmbH

List of teachers : Marek Langner, PhD DSc; Tomasz Borowik; Piotr Jurkiewicz; Magda Przybylo;

Course title : Genetic Engineering as a Tool For Biobased Technology
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Biology
	3
	30
	Lecture


	English
	WUT
	A. Ozyhar


Prerequisites : General Biology or Biochemistry: 

Objectives : The course introduces students to principles of gene cloning and DNA analysis, explains the methods used to study gene structure, expression and function, and deals with modern applications of genetic engineering.

Related courses : Bioorganic Chemistry with Elements of Biochemistry
	Contents:
	Lecture
	Lab Work

	
	n hours
	l hours

	Part 1: The Basic Principles of Gene Cloning and DNA Analysis
1. Vehicles for Gene Cloning: Plasmids and Bacteriophages

2. Purification of DNA from Living Cells

3. Manipulation of Purified DNA

4. Introduction of DNA into Living Cells

5. Cloning Vectors for E. col

6. Cloning vectors for Eukaryotes

7. How to Obtain a Clone of a specific Gene

8. The Polymerase Chain Reaction

Part 2: The Applications of Gene Cloning and DNA Analysis in Research
9. Studying Gene Location and Structure

10. Studying Gene Expression and Structure

11. Studying Genomes

Part 3: The Applications of Gene Cloning and DNA Analysis in Biotechnology
12. Production of Protein from Cloned Genes

13. Gene cloning and DNA Analysis in Medicine

14. Gene cloning and DNA Analysis in Agriculture

15. Gene cloning and DNA Analysis in Nanotechnology


	2h

2h

2h

2h

2h

2h

2h

2h

2h

2h

2h

2h

2h

2h

2h
	


Evaluation method :  Written examination

Learning outcomes: Students will learn about basic principles of gene cloning and DNA analysis. They will know how to apply their knowledge in research area and biotechnology application.

Recommended or required readings: Gene Cloning and DNA Analysis, T. A. Brown, Blackwell Science (2001); From Genes to Genomes: Concepts and Applications of DNA Technology, J. W. Dale and M. von Schantz, John Wiley & Sons, Inc. (2002); Modern Genetic Analysis. Integrating Genes and Genomes. A. J. Griffiths, W. M. Gelbart, R. C. Lewontin, J. H. Miller, W. H. Freeman and Co., New York (2002); An Introduction to Genetic Engineering, D. S. T. Nicholl, Cambridge University Press, (2002)

List of teachers : Andrzej Ożyhar, Prof.; Marek Orłowski, PhD; Grzegorz Rymarczyk, PhD

;

Course title : Liquid Crystals in Photonics
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Compulsory
	Physics
	3
	45
	Lecture


	English
	WUT
	A. Miniewicz


Prerequisites : General Physics

Objectives : The understanding of liquid crystals requires knowledge of their chemistry, structure, self-organization and interaction with electric and magnetic fields. Therefore optical, electric, mechanical and other properties of LCs will constitute main part of the lecture.

Related courses : Molecular electronics materials

	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Introduction to liquid crystalline state.
Systematics and structural properties of liquid crystals. Nematic, smectic and chiral nematic (cholesteric) phases. 

2. Structure and properties of lyotropic liquid crystals.

Amphiphilic substances, micelles, nono- and bilayers, biological membranes, phase transitions.

3. Physicochemical properties of liquid crystals.

Chemical, thermal, mechanical, spectroscopic, optic, electric and magnetic properties of mesophases and molecules constituting LCs. 

4. Measurement techniques for LC study.

Dielectric, optic, elastic, hydrodynamic and thermal methods used for characterization of LCs in their various phases. 

5. Theoretical models of LCs.

Phenomenological approach. Free energy, deformations, elastic constants, molecular fields. 

6. Optical and nonlinear optical properties of LCs.

Light scattering. Raman, Brillouin and Rayleigh scatterings. Laser induced molecular reorientations.

7. Nonlinear optical phenomena in liquid crystals.

Mechanism of giant optical nonlinearity in light-absorbing liquid crystals. Photochromic effects in liquid crystals. Surface command liquid crystals. Photorefractive LCs.

8. Molecular engineering of LCs.

Polymer liquid crystals (main-chain and side chain). Polymer dispersed liquid crystals ( PDLCs). Ferroelectric, ferrielectric and antiferroelectric LCs. Orthoconic ferroelectric LCs.

9. Applications of LCs in display technology and spatial light modulators.

Electrically addressed spatial light modulators (SLM) for telecommunications. LCs – for medicine and biology. Liquid crystals in waveguides and photonic crystals. Lasing in liquid crystals.

Laboratory: Practical measurements of LC properties under microscope and laser fields. 
	4h

2h

4h

4h

4h

4h

4h

2h

2h


	15 h




Evaluation method:  Written examination and reports from laboratory works.

Learning outcomes: Students will learn about properties and use of liquid crystals in the domain of photonics and nonlinear optics. They will recognize the structural properties, textures of LCs, build-up of LC cells. They will learn ideas about their use in such photonic devices as displays, modulators, tunable micro-lasers, optically addressed spatial light modulators, image converters, optical correlators, adaptive optics and optical tweezers.

Recommended or required readings: Handbook of Liquid Crystals, D. Demus, J. Goodby, G.W. Gray, H.W. Dpiess, V. Vill, vols. 1-3, Wiely-VCH (1998);I.C. Khoo, Liquid Crystals, Physical Properties and Nonlinear optical Phenomena, J. Wiley, New York (1995);L.M. Blinov, V.G. Chigrinov, Electrooptic Effects in Liquid Crystal Materials, Springer (1996);P. Yeh, C. Gu, Optics of Liquid Crystals, Wiley Intersicence Publication, J. Wiley and Sons, New York (1999)
List of teachers :  Andrzej Miniewicz, Prof.; Katarzyna Matczyszyn, PhD

Course title : Methods of Structural Investigations in Physics, Chemistry and Biology

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Physics

Chemistry

Biology
	3
	30
	Lecture


	English
	WUT
	R. Latajka


Prerequisites : General chemistry, physical chemistry

Objectives : The lecture introduces to the principles of the most common used spectroscopic methods and gives practical examples of their applications in order to resolve scientific problems in area of physics, chemistry and biology. Apart from theoretical bases of different spectroscopic methods lecture will discuss possibility of simultaneous use of several techniques in investigations. 

Related courses: Spectroscopy

	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Introduction to spectroscopy 2h 

2. Nuclear Magnetic Resonance spectroscopy - principles, 1H, 13C and 31P NMR spectroscopy 6h 

3. Two dimensional NMR methods in structural investigations of macromolecules 4h 

4. Infrared spectroscopy - introduction, interpretation of spectra, characteristic group absorptions of organic molecules 4h 

5. UV-Vis spectroscopy - application in organic and coordination chemistry, monitoring of chemical reaction - kinetic and thermodynamic studies. 2h 

6. Chiralooptic methods (CD and ORD) - an applications to stereochemical investigations and investigations of metal-ligand complexes 2h 

7. Mass spectrometry - introduction, fragmentation, mass spectra of some chemical classes, structural investigations of macromolecules 4h 

8. EPR spectroscopy - principles, examples of free radicals and paramagnetics investigations 2h 

9. Applications of several spectroscopic methods in solution of structural and biological problems - examples 4h 


	2

6

4

4

2

2

4

2

4
	


Evaluation methods :   Lecture course (30h)- the grade will be determined on the basis of final exam where set of problem should be resolved by the students (100% of the final mark).

Seminar course (15h)- the mark will be based on the following: responses to study activities posted on the discussion forum (30% of the final mark), oral presentations one of the bioorganic chemistry problem (70% of the final mark).

Learning outcomes: Student will learn Nuclear Magnetic Resonance (NMR), Electron Paramagnetic Resonance (EPR), Mass Spectrometry, Infrared spectroscopy (IR), UV-Vis spectroscopy, Chiralooptic methods (CD and ORD)

Recommended or required readings:

List of teachers : Rafal Latajka, PhD; Piotr Mlynarz, PhD;

Course title : Bioorganic Chemistry For Photonics
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Chemistry

Biology
	3
	30
	Lecture


	English
	WUT
	P. Mlynarz


Prerequisites : Basic knowledge of inorganic, physical, organic chemistry.

Objectives :The lecture addresses the topics of broadly defined bioorganic chemistry including supramolecular chemistry, nanotechnology, nanophotonics and material chemistry. Lectures are based on the latest developments in above-mentioned areas, and examples are discussed on the basis of compounds of leading importance in bioorganic chemistry. The given examples describe the use of chemical systems in diagnostics of  living organisms (human, animals, plants, bacteria, viruses) or as a mimetic of life processes occurring in them.

Related courses : Physical chemistry, Organic / Inorganic chemistry, Photonics of Liquid Crystal
	
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Introduction to course: biopolymer building blocks, protein structure (4h)

2. Chemical models of enzymes, molecular imprinting (4h). 

3a. Micellar catalysis (2h).

3b. Cyclodextrins (2h)

3c. Cryptands and crown ethers (2h). 

3d. Cyclophanes and their derivatives (3h). 

3e. Dendrimers (2h).

4. Varieties of carbon: fullerene, nanotubes, grapheme (2h).

4. Biogenetic and probiotic reactions (3h).

5. Porphyrins – their functions and application (2h)

6. Biomimetics - artificial photosystem, molecular machines (4h).
	4

4

2

2

3

2

2

                 3

2

4
	


Evaluation method :  Bioorganic chemistry lecture course (30h) grade will be determined on the basis of final exam - in the form given project, where set of problem should be resolved by the students (100% of the final mark).

Bioorganic chemistry seminar course (15h) mark will be based on the following:

· Responses to study activities posted on the discussion forum (30% of the final mark). 

· Oral presentations one of the bioorganic chemistry problem (70% of the final mark). 

Learning outcomes :

Students has a broad knowledge about many groups of compounds and spectroscopic methods (fluorescence, chemifluorescence, etc..) in the diagnosis of living organisms, and mimicking the processes occurring in them. Students will know the examples and on this basis they will be able to come up their potential commercial use in life science.

Recommended or required readings:  The books in the field of: bioorganic chemistry, photonics, inorganic and organic chemistry appropriate to the given lectures.

List of teachers : Piotr Mlynarz, PhD; 
Course title : Nanobiotechnology
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Chemistry

Biology
	3
	30
	Lecture


	English
	WUT
	K.A.Wilk


Prerequisites  : basics of chemistry or biology

Objectives : Acquiring knowledge about bio-nanostructures made of DNA and proteins, consisting of the nanoparticles which are of a high interest nowadays. Some medical approaches to the nanostructuration will be presented 

Related courses : Nanoscale physics

	Contents 
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Inroduction to course:  Self-assembly (molecular and coded) in relation to new biomedical materials

2. Principles of biological surface engineering. Templating processes. 

3. Biomolecular self – assembling processes. Decorated membranes. 

4. Drug delivery systems and their applications in biosystems.

5. Liposomes and lipoplexes in gene therapy 

9. Biomolecular motors 

10. DNA as a material for nanobiotechnology

11. Protein/DNA – based nanostructures 

12. Protein – based nanostructures 

13. Bioanalytical applications of DNA - or enzyme – based nanostructures. Biosensors 

14. Current published literature covering area of nanobiotechnology
	2

2

2

4

2

2

4

2

2

4

6
	


Evaluation method :  Discussion. Nanobiotechnology lecture course (30h) grade will be determined on the basis of final exam where set of problem should be resolved by the students (100% of the final mark).

Learning outcomes : Concepts, applications and perspectives of nanobiotechnology, especially including formation and biomedical  potential of both biomolecular sel-assembling materials, and biological material - based nanostructures (enzyme, protein, DNA). Principles of nano - surface chemistry. Biosensors.

Recommended or required readings:  „Nanobiotechnology”, ed. C.M. Niemyer, C.A. Mirkin, WILEY-VCH Verlag GmbH & Co. KGaA, 2004 Introduction to Nanoscale Science and Technology, Eds Massimiliano Di Ventra, Stephane Evoy, James R. Heflin‚ Jr., Kluwer Academic Publishers, Boston 2004, Journal of Nanobiotechnology – current issues
List of teachers : K.A. Wilk, Prof.,  K.Matczyszyn, PhD

Course title : Molecular Electronic Materials
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Physics


	3
	22

8
	Lecture

Lab hours
	English
	WUT
	J. Sworakowski


Prerequisites : Chemistry or Molecular Physics, Solid State Physics or Solid State Chemistry

Objectives : The aim of the course is to present basic properties of molecular materials, particular attention being paid to the properties of electroactive and photoactive materials currently or potentially applicable in modern technologies. The course does not include a description of properties of nonlinear optical materials and liquid crystals, covered by separate courses.

Related courses : Nanoscale physics
	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Molecular materials - general characteristics

2. Defects in molecular materials. Point, linear and planar defects, amorphous solids. 

3. Ordered molecular films, Langmuir-Blodgett and self-assembly techniques.

4.  Photochromism and photochromic materials.

5. Electrical properties of molecular materials. Charge generation and transport.

6. Transport of charges in disordered solids (low-molecular weight and polymers)

7. Single and double injection. Electroluminescence, materials and devices.

8. Highly conducting molecular materials 

9. Molecular piezo-, pyro- and ferroelectrics. 

10. Electronics of molecules

11. Molecular wires, rectifiers and switches

Laboratory: Practical preparation and measurements of current-voltage characteristics of conductivity, photoconductivity and OFETs characteristics. Preparation of Langmuir-Blodgett films. 
	2h

2h

2h

2h

2h

2h

2h

2h

2h

2h

2h

2h


	8 h


Evaluation method :  Preparation and submission of a short written essay ('quasi-publication') based on world literature Oral presentation of the essay

 Learning outcomes:  Students will learn the basics of molecular electronics, will understand the charge carrier generation, recombination, transport and trapping. They acquire knowledge about organic electroluminescent devices and photovoltaics. Students will be taught how to prepare and treat the organic materials for constructing devices.

Recommended or required readings:
L.S. Miller, J.B. Mullin (Eds.) Electronic Materials. From Silicon to Organics, Plenum Press, New York 1991

Current literature (selected review articles and original papers from international journals)
J. Simon, P. Bassoul, Design of Molecular Materials, J. Wiley, Chichester 2000
J.C. Crano, R.J. Guglielmetti, Organic Photochromic and Thermochromic Compounds, Plenum Press, New York 1999
M. Pope, C.E. Swenberg, Electronic Processes in Organic Crystals and  Polymers, 2nd Ed., Oxford Sci. Publ.  1999 
List of teachers : Marek Samoc,  Prof. ; DSc; Krzysztof Janus, PhD;

Course title : Nanoscale Physics

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Compulsory


	Physics


	3
	14

16
	Lecture

Lab hours
	English
	WUT
	J. Misiewicz 


Prerequisites : Introduction to solid state physics, Introduction to photonics
Objectives : To familiarize students with recent progress in nanotechnology and with the most common concepts of quantum mechanics used in material science. To learn students how to control and change the properties of nanomaterials to get a specific applications.To familiarize students with spectroscopic techniques used for characterization of semiconducting nanostructures To familiarize students with experimental data analysis.  

Related courses : Physics
	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Introduction to nano-world

2. Basics of solid state physics - repetition

3. Basic physical principles of quantum confinement: quantum wells, quantum wires, quantum dots (QDs). 

4. Principles of the growth of the low dimensional semiconductor structures: molecular beam epitaxy, metalloorganic vapor depositon, lithography 

5. Nanocrystals: 

· Introduction (history, main problems, nanocrystals vs. epitaxial QDs)

· Growth (solvo-thermal, co-thermolizys,…)

· Functionalization 

· Properties  

· Applications (optoelectronics, bio-photonics, nano-medicine). 

6. Carbon nanotubes – growth, properties and applications

7. Laser techniques - tools for optical characterization of  nanostructures (Raman, TERS, SERS, pump-probe techniques,…). 

8. Scanning probe techniques - tools for structural characterization of nanostructures, manipulation and constructions of the nanoscale structures and devices.

9. Electrical transport phenomena in semiconductor nanostructures; diffusive, ballistic, quantum regime, tunneling. 

Lab work

1. Absorption of nanostructures.

2. Emission of nanostructures in function of temperature, excitation flux,…

3. Emission decay time measurements.

4. Optical modulation spectroscopy of laser structures based on quantum wells.
	2

2

2

2

2

2

2


	4

4

4


Evaluation method :  examination (60%) and reports from laboratory works (40%). 

Learning outcomes : General knowledge about the nanoworld

Recommended or required readings :Introduction to Nanoscale Physics and Nanomaterials, A.Podhorodecki and J.Misiewicz, electronic materials (2011). Quantum Wells, Wires and Dots: Theoretical and Computational Physics of Semiconductor Nanostructures, 3rd Edition, Paul Harrison,  Wiley (2000). Fundamentals of Semiconductors: Physics and Materials Properties, 4th Edition, Peter Yu, Manuel Cardona, Springer (2010).  
List of teachers : Jan Misiewicz, Prof.; Artur.Pohorodecki, PhD
Course title: Monte Carlo Modeling of Photonic Processes in Liquid Crystals and Polymers
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Physics

Chemistry
	3
	30
	Lecture

Computer Lab hours
	English
	WUT
	A.C. Mitus


Prerequisites : Basic programming skills
Objectives : Modeling of  chosen non-linear optical phenomena  resulting  from an inhomogeneous molecular order (dipoles, octupoles, azodyes, coated spheres) in nematic liquid crystals and polymers using Monte Carlo (Metropolis)
Related courses :Liquid Crystals in Photonics

	Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	1.Introduction to Monte Carlo simulations.

Metropolis algorithm, lattice models, order parameters, periodic boundary conditions. 

2. Monte Carlo simulation of nematic liquid crystals (NLC).

Order parameter (second-order Legendre polynomial), Lebwohl-Lasher-Rappin hamiltonian

3. Monte Carlo study of homogeneous and inhomogeneous order in NLC.
Phase transition NLC – isotropic liquid. Inhomogeneous ordering in NLC cell.

4. Monte Carlo study of electro-optic phenomena in NLC cell.
Calculation of refractive index. Diffraction gratings  in a NLC cell with a photoconducting polymer layer upon spatially nonuniform illumination. Verification of a chess-board hypothesis. 

5. Monte Carlo study of light transmission in Twisted NLC cells

Implementation of Jones matrix formalism into MC scheme for twisted displays.

6. Negative-index metamaterials based on nanosphere dispersed NLC  

Inhomogeneous index distribution. Electromagnetic cloak effect.

7. Kinetics of diffraction gratings evolution in azopolymers
Inscription and erasure of diffraction gratings in a polymer matrix doped  with azo-dyes. 

8.   Monte Carlo studies of Surface Relief Gratings

Kinetic models. Normal diffusion and subdiffusion of polymer chains.
9. Monte Carlo modeling of DNA based gratings

Semi-intercalation hypothesis. Modeling versus experiment.
10. Monte Carlo modeling of electric field poling of dipoles in a polymer matrix. 

Maximum on poling curves. Acentric order. “Pre-history” paradigm.

11. Monte Carlo modeling of electric field poling of octupolar molecules in a polymer matrix.Temperature dependence of local and global order. Typical configurations of octupoles.

Computer Lab activities 

1. Basic programming concepts

2. Implementation of Lebwohl-Lasher-Rapini model Hamiltonian in two dimensions 

3. Implementation of Metropolis algorithm (trial step) for model NLC in two dimensions

4. Implementation of periodic boundary conditions.

5. Implementation of a toolbox for evaluation of physical parameters.

6. Study of phase transition: NLC – isotropic liquid. 

7. Study of Freedeericks transition

8. Study of inhomogeneous order in NLC.
	2

1

2

2

1

1

2

1

1

1

1
	1

2

2

2

2

2

2

2


Evaluation method :  Oral examination (70%) and a computer laboratory project (30%)

Learning outcomes : The student understands basic concepts of Monte Carlo modeling of  inhomogeneous molecular order in host-guest systems (nematic liquid crystal and polymer matrices) as well as the principles of evaluation of related physical parameters.  The student  can write a simple Monte Carlo program and interpret the results of the simulations. 
Recommended or required readings:  K. Binder, D.W. Heermann, Monte Carlo Simulation in Statistical Physics (Chapter 3), Springer, 1988. D. Frenkel, B. Smit,  Understanding molecular simulations, Academic Press, 2002. 

List of teachers : Antoni C. Mitus, Prof.; Grzegorz Pawlik, PhD;
Course title : Theoretical Modeling of the Nonlinear Optical Properties of Molecules and Clusters
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Physics

Chemistry
	
	30
	Lecture

Lab hours
	English
	WUT


	W. Bartkowiak


Prerequisites : Physical Chemistry
Objectives : The ultimate goal of the course is to provide students with practical skills regarding modeling of nonlinear optical properties of molecules using quantum chemistry software. In order to achieve this goal, in the first step  students gets familiar with the basics of  quantum chemistry methods with an emphasis put on the up-to-date approaches allowing to determine electronic structure theory. 

Related courses :
	 Contents
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Applications of quantum chemical methodology in the theoretical predictions of the nonlinear optical response of materials.

Introduction to theory of nonlinear optical properties: Methods for determining nonlinear optical properties of molecules are presented. The theoretical approaches based on the perturbation theory and varational techniques are considered. 

2. Intermolecular interactions and their influence on the nonlinear optical properties of molecular aggregates.

Modern theoretical approaches to modeling intermolecular interactions in nonlinear optical materials are introduced. A cooperative interactions as well as many-body effects on the optical properties of molecular systems are discussed. 

3. The relationship between the molecular description of the optical properties of materials and their macroscopic susceptibilities.

The general theoretical approaches to calculation of the macroscopic nonlinear optical susceptibilities in solution within continuum models are considered. The difficulties in the comparison of absolute values of molecular hyper(polarizabilities) with experimental data are considered.

4. Solvatochromism and nonlinear optical properties of organic chromophores in the solution.

The connection between the nonlinear optical response and solvatochromic behavior of the donor-acceptor -conjugated systems is considered. The general relationships between the molecular (hyper)polarizabilities and the two-photon absorption (TPA) for the positively and negatively solvatochromic compounds are presented and discussed. 

5. Environmental effects and the susceptibilities of the molecular clusters and crystals.

Theory and applications of the discrete local field description in theoretical estimations of linear and nonlinear optical susceptibilities of molecular clusters and crystals are reviewed.

6. From the single molecule to materials. General considerations.

Theoretical approach to the rational design of the nonlinear optical materials is discussed.

Lab work

Practical exercises exemplifying the main topics discussed during lectures exploring the electronic structure calculation programs. The theoretical estimations of the molecular (hyper)polarizabilities using the finite field and coupled Hartree-Fock techniques; calculations of the interaction energy components using the symmetry adapted perturbation theory as well as the many-body hybrid variational-perturbational interaction energy decomposition scheme; theoretical predictions of the UV/VIS spectra of the selected organic chromophores and estimations of the solvatochromic shifts.
	4

4

4

2

4

8
	


Evaluation method :  Research project assignments 100%

Learning outcomes Based on the knowledge gathered during the course, students should be able to: a) see the bridge between electronic structure of molecules and parameters describing their nonlinear optical properties b) select right computational protocol to find an answer  and have the knowledge regarding approximations connected  with the protocol c) critically assess the results in order to avoid possible pitfalls arising from application of approximate    quantum chemistry.

List of teachers : Wojciech Bartkowiak, PhD, DSc; Robert Zalesny, PhD.

Wroclaw University
Faculty  of  Chemistry, University  of  Wrocław

Course title :   Bioinorganic  Chemistry

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	 4.0
	Compulsory


	  Chemistry


	       2
	    30
	          Lecture


	   English
	 WRUN
	 Prof. Henryk 

     Kozłowski    


Prerequisites :

Basic training in biochemistry and inorganic chemistry.
Objectives : 

Knowledge of foundations of bioinorganic chemistry and role of metal ions in biological systems. Acquirement of practical ability to search and introduce information concerning metal systems in biology and medicine. 

Related courses : Bioorganic Chemistry, Protein Chemistry
Contents 
Essential and toxic metals. How essential metal may become toxic for life. General properties of metal ions, and their relation to biological activities; co-ordination chemistry of essential and toxic metals.  The interactions of metal ions with proteins and their subunits, nucleic acids and nucleotides. Natural and synthetic chelating agents. Biological functions of Na, K, Mg, Ca. Non-redox metaloenzymes. Proteins involved in dioxygen transport, heme proteins. Red-ox proteins. Metal ion transport in biological systems. Inorganic drugs.  Metal homeostasis.  Toxicology of metal ions of 

 Cr and Al . Role of metal ions in diseases including cancer and brain disorders. 
Evaluation method : 

Oral examination ( duration 1 hour ).
Learning outcomes :

Understanding of the modern biological chemistry and its impact on daily life, health and other human activities. Understanding of the basic mechanisms of pathology development related to metal ions.

Recommended or required readings : 

1. J. Lippard, J. M. Berg, Principles of Bioinorganic Chemistry, Mill Valley, CA, 1994. 

2. I. Bertini, H.B. Gray, S. J. Lippard, J.S. Valentine, Bioinorganic Chemistry, Mill Valley, CA, 1994. 

3. Robert R. Crichton, Biological Inorganic Chemistry, Elsevier, 2008.

List of teachers : 

1. Prof. Henryk  Kozłowski
Course title :   Bioorganic  Chemistry
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	4.0
	Compulsory


	   Chemistry


	       2
	     35
	Lecture  20 hours

Lab.  15  hours
	 English
	 WRUN
	  Dr hab. Piotr 

   Stefanowicz


Prerequisites :  Basic knowledge of organic chemistry. 

Objectives :

Knowledge of foundations and contemporary problems of bioorganic chemistry and molecular biology

Related courses :   Protein Chemistry

Contents :

Lecture, 20 hours: 

I.  Molecules of Life

1.
Chemical bonds and shape of organic molecules

2.
Nucleotides and nucleic acids

3.
Amino acids, peptides and proteins

4.
Carbohydrates and lipids

5.
„Natural Products” – secondary metabolites

II.  Biological Activity

1.
Quantitative aspects of biological activity

2.
Examples of molecular targets: receptors, ion channels and their ligands

3.
Molecules interacting with nucleic acids

4.
Enzyme inhibitors and molecules interacting with proteins involved in cellular adhesion

5.
Designing of biologically active compounds 

Laboratory, 15 hours: 

1.
Isolation of natural products  from biological sources.

2.
Chemical and spectroscopic characterization of organic compounds.  

3.
Chromatographic methods: TLC, gel filtration, HPLC. 

4.
Peptide chemistry: synthesis and sequence analysis. 

Evaluation method :
a. Individual oral examination ( duration: 1 hour, weight in the global mark 70 % ) and a written assignment;

b. Laboratory reports ( weight 30 % ).

Learning outcomes :

This course will provide the student with knowledge concerning the properties of important bio-molecules, such as carbohydrates, proteins, nucleic acids and lipids. After completing this unit the student should be able to understand the basis of biological activity. Students will also acquire basic laboratory skills including isolation and characterization compounds from biological sources. 

Recommended or required readings :

1. Stryer, L.  Biochemistry. 3d Ed. New York, W. H. Freeman and co., 1988.

2. Gareth, T.  Medicinal Chemistry: An Introduction,  2nd Ed.  John Wiley and Sons, 2007

3. Clayden, J.  Organic Chemistry, OUP, Oxford, 2001./
List of teachers :

1. Dr  hab. Piotr  Stefanowicz

2. Dr Alicja  Kluczyk
Course title :   Protein  Chemistry
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	
	Compulsory


	   Chemistry


	    2
	    35
	  Lecture 20 hours

  Lab. 15  hours
	  English
	 WRUN
	 Prof. Zbigniew 

    Szewczuk


Prerequisites :   Knowledge of basic organic chemistry (on the university licentiate level)

Objectives :

Knowledge of peptide and protein chemistry, with emphasis on peptide synthesis and modern methods of protein analysis (including NMR, ESI-MS and CD).
Related courses : Bioorganic Chemistry, Bioinorganic Chemistry

Contents 
Lecture, 20 hours: 

Chemical and physicochemical properties of amino acids. Synthesis of peptides and peptidomimetics. Protein purification and characterization methods. Analysis of protein structures. Chemical and enzymatic modifications of proteins. Proteomics. The structure and function of selected peptides and proteins. Molecular recognition, structural basis of immunochemistry and enzymology.

Laboratory, 15 hours: 

Implementation of methods presented in the lecture.
Evaluation method :
a. Oral examination ( duration 1 hour, weight 70 % in the global mark ).

b. Laboratory reports ( weight 30 % ).
Learning outcomes : 

Ability of synthesis of any peptide in solution and on solid resin. Knowledge of purification and characterization methods of proteins and peptides. Ability to explain chemical and physical properties of peptides and proteins  in terms of their amino acid sequences. Good understanding of principles of proteomics.

Recommended or required readings :

1. Sewald, N., Jakubke, H.B., Peptides: Chemistry and Biology. Wiley-VCH Verlag GmbH & Co. KGaA 2002 

2. Mass Spectrometry: Instrumentation, Interpretation, and Applications, Ekman, R., Silberring, J., Westman-Brinkmalm, A., Kraj, A. (Eds), Wiley & Sons, Inc., Hoboken, New Jersey, 2009.

3. Rehm H. Protein Biochemistry and Proteomics, Elsevier Academic Press, Amsterdam 2006.

4. Introduction to Proteomics, Kraj, D., Silberring J. (Eds), Wiley & Sons, Inc., Hoboken, New Jersey, 2008.

5. Dennison, C. A guide to protein isolation, Kluwer Academic Publishers, New York, Boston, London, Moscow 2002 

6. Lubdbad, R. Techniques in protein modification, CRC Press, Boca Raton-Ann Arbor-London-Tokyo, 1995.
List of teachers : 

Prof. Zbigniew  Szewczuk
Dr hab. Piotr  Stefanowicz
Dr Alicja  Kluczyk

Course title :    Computer Design and Modeling of New Materials
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	  6.0
	Compulsory


	  Chemistry


	      2
	    45
	    Lecture  30 hours

    Lab.  15 hours
	   English
	 WRUN
	 Prof. Zdzisław 

     Latajka


Prerequisites :

The main courses of licentiate studies (mathematics, physics, physical chemistry) should be already credited.

Objectives :

Knowledge of molecular modeling methods formulated on base of advanced quantum chemistry methods, stochastic and molecular dynamics methods.

Related courses : ----
Contents 

Lecture, 30 hours: Molecular mechanics methods. Short introduction to quantum mechanics: postulates of quantum mechanics, time dependent and time independent Schrödinger equation, variational principle, Born-Oppenheimer approximation, concept on potential energy surface, one-electron approximation, Hartree-Fock equations. Hartree-Fock-Roothaan equations, basis sets. Semiempirical methods: zero differential overlap approximation, equations and parametrization of most frequently used methods. Electron correlation methods: configuration interaction (CI), many body perturbation theory (MBPT), coupled clusters (CC) and CAS SCF. Density function theory methods (DFT) with local, gradient and hybrid functionals. Hybrid quantal/classical models: QM/MM and ONIOM. Molecular properties: electron density, population analysis, molecular electrostatic potential, spin density, electric multipole momements, polarizability and hyperpolarizability. Methods of molecular structure optimization: gradient, conjugated gradients methods, transition state optimization, calculation of harmonic vibrational frequencies. Theoretical description of molecular interactions: perturbation theory, supermolecular approach, basis set superposition error and proton transfer processes. Theoretical models of solvent effects. Polymers and crystals: Bloch functions, periodic boundary conditions, the HF method for periodic systems. Monte Carlo methods: Metropolis MC algorithm, calculations of equilibrium averages, radial distribution function. Molecular Dynamics methods: the equation of motion – integration algorithms, classical MD methods, the Car-Parrinello method.  

Lecture is illustrated by several examples from published scientific papers.    

Laboratory, 15 hours: 

Work in computer laboratory – modeling of molecular properties by means of methods presented in the lecture.
Evaluation method : 
Lecture: written examination ( duration 2 hours, possible oral correction of the note, weight in global mark: 70 % ). 

Laboratory: permanent evaluation – correct computer calculations performed with use of theoretical methods for selected molecular systems ( weight 30 % ). 

Learning outcomes :

Skills to work in modern molecular modelling laboratory.

Recommended or required readings :

1. I.N.Levine, „Quantum chemistry”, Prentice Hall, Upper Saddle River, 2000.

2. F.Jensen, „Introduction to computational chemistry”, II-nd ed., Wiley, New York, 2009.

3. J.H.Jensen, “Molecular modeling basics”, CRC Press, 2010.

4. D.Young, „Computational chemistry. A practical guide for applying techniques to real world problems”, Wiley, New York, 2001.

5. C.J.Cramer, “Essentials of computational chemistry. Theories and models”, Wiley, 2004.

6. K.Ohno, K.Esfarjani, Y.Kawazoe, “Computational material science. From ab initio to Monte Carlo methods”, Springer, 1999.

7. J.Kohanoff, „Electronic structure calculations for solids and molecules”, Cambridge University Press, 2006.

List of teachers : 

Prof. Zdzisław  Latajka

Dr  Przemysław  Dopieralski

Course title :   Molecular  Interactions

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	  4.0
	Optional
	   Chemistry


	     2
	    30
	   Lecture 15 hours

   Lab. 15 hours 
	  English
	 WRUN
	Prof. Aleksander 

         Koll 


Prerequisites : Basic chemistry knowledge at undergraduate level is required.

Objectives:
The course presents  basic information on the nature of molecular interactions and is an introduction to use of the modern physico-chemical methods in studies of the structure of complexes, thermodynamics of complexation and proton-transfer reaction. Properties of biological systems related to Molecular Interactions.

Related courses : ---
Course contents:
Lecture, 15 hours: Basic information on chemical bonds and stereochemical properties of molecules.  Experimental evidences on molecular interactions. The nature and ways of description by technique of multipole moments approximation.   . Dispersive interactions. Potentials for molecular non-specific interaction. 

Specific interactions. Hydrogen bonding as acid-base interactions. Methods of determination of stoichiometry and structure of complexes . Evaluation of physicochemical properties of the complexes and  thermodynamic characteristics. Spectroscopy of interacting molecules – vibrational spectra, electronic spectra, NMR spectroscopy. Isotopic effects. Dielectric properties of complexes. Solvent influence on the strength and character of interactions. Proton transfer reaction. Potential for the proton movement. Types of dependence of various parameters of complexes complexes on the acid-base characteristics of the components of complexes. Hydrogen bonding in biology. Specificity of intramolecular interactions. Blue shifting hydrogen bonds. Theoretical: MM,  semiempirical, DFT and ab initio description of hydrogen bond. Electron-donor-acceptor interactions as acid-base interactions according to Lewis theory. 

Laboratory: Groups of students  use different experimental and theoretical methods to characterize  selected interacting systems. The IR bands shift as a measure of interactions, the effects of concentration change. 

The ν(X-H)intensity increase upon the complexation.  Polarity of hydrogen bonded complexes. Determination of proton-transfer degree by electronic spectra. Determination of the average molecular weight of solute by using the vapour pressure method (VPO). Determination of the formation constans . Determination of the structure of complexes by using semiempirical methods of quantum chemistry.

Evaluation method: 

a:  Examination ( oral, duration 1 hour; weight in global mark: 70 % ).

b. Laboratory reports ( weight 30 % ). 

Learning outcomes: 

Main outcome of learning is ability of using basic knowledge on molecular interactions in interpretation of properties of chemical molecules and biological systems, which relay on formation of hydrogen bonds. Ability to interpret  solvent effects in chemistry and biology.

Recommended or required readings :

       1.  S. N. Vinogradov, R.H.Linnell, Hydrogen bonding, Van Nostrand Reinhold Co., N.Y., 1971.

2. N. Y. P. Schuster, G. Zundel, C. Standorfy (Eds.), The Hydrogen Bond – Recent Developments in Theory and Experiments, North Holland, N.Y., 1976.

3. S.Scheiner (Ed), Molecular Interactions, J. Wiley and Sons, N.Y., 1995.

4. G.A.Jeffrey, An Introduction to Hydrogen Bonding, Oxford University Press, Oxford, 1997.

5. G. Gilli, P. Gilli, Nature of the Hydrogen Bond, Oxford University Press, Oxford ,2009.

List of teachers : 

1. Prof. Aleksander  Koll

2. Prof. Zbigniew  Pawełka
3. Prof. Maria  Rospenk.
                                       Course title :   Fundamentals of molecular spectroscopy

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	 4.0
	Optional
	  Chemical 

  Physics
	     2
	    30
	       Lecture


	 English
	 WRUN
	 Prof. Henryk 

    Ratajczak


Prerequisites : Elements of classical and quantum mechanics.  Elements of linear algebra.

Objectives of the course:

The aim of the course is to give students a solid understanding of the theoretical basis of spectroscopic methods and appreciation of how these methods provide information on molecular structure and properties of molecules.

Related courses : ---
Contents :
1. Principles of quantum mechanics.

The particle in a box. The harmonic oscillator. Angular momentum. Rigid rotor. Spin. Many-electron atoms. Molecular electronic structure. MO methods.

2. Time-dependent states and spectroscopy.

Time-dependent perturbation theory. Absorption and emission of radiation. Selection rules in spectroscopy.

3. Vibration and rotation of diatomic molecules.

Nuclear motion in diatomic molecules. Anharmonicity. Vibration-rotation interaction and centrifugal distortion. Potential energy functions for diatomic molecules. Selection rules for rotational and vibrational transitions. Rotational spectra for diatomic molecules. Vibrational-rotational spectra of diatomic molecules. The Stark effect.

4. Rotation of polyatomic molecules.

Nuclear motion of polyatomic molecules. Classical mechanics of a rigid rotor. The rotational hamiltonian operator. Pure-rotational spectra of polyatomic molecules.

5. Group theory.

Groups. Multiplication tables. Coordinate and transformation. Representations. Character tables and some point groups.

6. Vibration of polyatomic molecules.

Classical mechanics of vibration. Quantum mechanics of vibration. Symmetry of normal vibrations. Selection rules. Infrared and Raman spectra. 

7. Electronic spectroscopy.

Electronic spectra of polyatomic molecules. Selection rules.

8. Magnetic resonance spectroscopy  ( ESR, NMR ).

Nuclear magnetic moments. Electron magnetic moments. Nuclear magnetic resonance. NMR chemical shifts. NMR spin-spin splittings. Spin relaxation. Electron spin resonance. 

9.Heisenberg`s representation of the absorption of electromagnetic energy and correlation functions. The Bloch equation, steady-state solutions and molecular relaxation.

Evaluation method :  Written examination  ( duration: 2  full hours ).

Learning outcomes : 

Basic knowledge on molecular spectroscopy, its physical background, interpretation of spectra and possible applications of spectroscopic methods in scientific research and industry.
Recommended or required redings :

1.I.N. Levine,

  Molecular Spectroscopy,   J. Wiley and Sons,  New York, 1975.
2.G.M. Barrow

   Introduction  to Molecular Spectroscopy,  McGraw-Hill, New York, 1962.

3.W.H. Flygare

   Molecular Structure and Dynamics, Prentice-Hall,Inc.,New Jersey, 1978.

4.F.A. Cotton

   Chemical Applications of Group Theory, Interscience Publ., New York, 1963.

List of teachers:  Prof. Henryk  Ratajczak

Course title :   Spectroscopic and chemometric techniques

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	  6.0
	   Optional
	  Chemistry
	     2
	   45
	   Lecture  30 hours

   Lab. 20  hours
	  English
	 WRUN
	  Prof. Jerzy P.

   Hawranek


Prerequisites :  
Knowledge of  physics, mathematics and chemistry at undergraduate level.
Objectives : 

The aim of the course is training in optical ( linear ) spectroscopic techniques and their application for structure elucidation and analysis of materials, as well as get acquaintance with  basic chemometric methods of spectroscopic data analysis.

Related courses : - - -
Contents : 
Lecture, 30 hours:  General features of spectral methods of analysis. Dispersive vs. Fourier spectrometers. Fourier transforms and their properties.  UV-VIS, FT-NIR, FT-IR, FT-FIR spectroscopy. Time-resolved and step-scan techniques. FT-Raman vs. dispersive Raman spectrometry.

Absorption and dispersion of radiation. Kramers - Kronig relations. Reflection and refraction of radiation. Fresnel relations.

Optical foundations and accuracy of transmission techniques. Optical properties of cells. Features of thin film spectroscopy.

Optical foundations of reflection techniques. The specular reflection  method ( ERS ). The diffuse reflection technique (  DRIFT ). The ATR ( IRS ) method. 

Methods of qualitative spectral analysis. Spectral features of simple and polyatomic molecules. Spectral databases. Computer identification of compounds or functional groups based on artificial intelligence methods. 

Quantitative spectral analysis of single components.  Quantitative spectral analysis of multicomponent systems and  multivariate calibration – CLS, ILS, PCR and PLS methods. 

Smoothing and differentiation of spectra. Bandshape functions. Deconvolution of spectra. Determination of integrated intensities. 

Two-dimensional correlation analysis ( 2-DCOS ) in optical spectroscopy. Principal Component Analysis ( PCA ) and its application in Chemistry and Natural Sciences.

Laboratory, 20 hours: Implementation of methods presented in lecture. Sampling techniques and registration of FT-IR, FT-ATR  and DRIFT spectra of selected materials. Dispersive and FT-Raman spectroscopy. Identification of compounds with use of IR and Raman spectra and spectral databases. Two-dimensional correlation analysis and principal components analysis of temperature- dependent spectra ( work in computer laboratory ).
Evaluation method :
a. Written examination ( duration 1.5 hours, weight in global mark  70 % )

b. Laboratory reports ( weight 30 % ).

Learning outcomes : 

After the end of the course the student  will be able to : 1) record a  transmission, reflection or Raman spectrum, 2) identify an unknown compound basing on recorded spectra, 3) plan and  carry out an quantitative analysis  4) carry out an advanced  2-D COS and PCA analysis, 5) use spectral data bases.

Recommended or required readings :

1. P. W. Atkins & J. de Paula, Atkins’ Physical Chemistry, Oxford University Press, 2006 ( and earlier editions ).

2. I. N. Levine, Physical Chemistry, Mc Graw-Hill, New York, 1978. 

3. R.J.H. Clark, R.E. Hester, Advances in IR and Raman Spectroscopy, J. Wiley and Sons, series starting 1986.

4. R. G. Breretron, Chemometrics, J. Wiley and Sons, Chichester , 2003.

List of teachers : 

Prof. Jerzy P. Hawranek

Prof. Mirosław  Czarnecki
Prof. Bogusława Czarnik-Matusewicz
Dr Roman  Szostak
Course title :   Photoinduced  electron  transfer

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	
	Optional
	   Chemistry


	       2
	    30
	    Lecture 15 hours

    Lab.  15 hours
	  English
	 WRUN 
	  Dr hab. Anna Szemik-Hojniak


Prerequisites : 
 Knowledge of general, organic, physical and basics of theoretical chemistry at undergraduate level.

Objectives :
This course  is devoted to acquaint the students with  properties of electronic excited states,  with recognition of excited state processes ( elelctron and proton transfer ) and  photophysical properties of molecular systems applicable in modern technologies (electronics, telecommunication, biotechnology…). It is a good basis towards further education in different fields of spectroscopy both in its theoretical and experimental aspects.

Related courses :  --- 
Contents : 

Lecture 15 hours
Basic principles and terminology of Photochemistry.

· Energetics of Photoinduced Electron Transfer (Excited-State Ionization Potentials and Electron Affinities, Excited-State Redox Potentials, Rehm-Weller equation)., 

· Photophysical and Electrochemical Properties of separate Electron Donors and Acceptors as well as Donor-Acceptor systems.

· Properties of Ion-Pairs and Exciplexes with experimental procedures to study them.

· Intramolecular Photoinduced Electron Transfer  in simple systems (Twisted Intramolecular Charge Transfer) and in Supramolecular  dyads, triads, pentads...etc.

· Dynamic and static quenching, Energy Transfer versus Electron Transfer,

· Solvatochromism, and Solvation Dynamics.

· Some aspects of Time-Resolved Spectroscopy – Identification of CT Intermediates in PET (decay curves-lifetimes, transient absorption, fluorescence up-conversion).

· Classical and nonclassical theories of ET (Marcus theory, Dynamic Solvent Effect, Electron tunneling.

Laboratory 15 hours: 

Implementation of chosen issues presented in the lecture, with focus on photophysics of donor-acceptor systems in liquid and solid state by using absorption as well as the steady-state and time-resolved emission spectroscopy.
Evaluation method :
a. Lecture: Oral examination ( duration: 1 hour, weight  in global mark : 70 % ) .

b. Current evaluation of laboratory work, laboratory reports ( 30 % )

Learning outcomes :  Student  obtains a good theoretical basis  and can use appropriate data and methods to describe the properties of electron donor -acceptor systems as well as to indicate their usefulness in the process of photoinduced electron transfer (PET). Student receives knowledge  to recognize and chose the appropriate method of steady state and time-resolved spectroscopy to identify the intermediate products of PET. Student understands the excited state processes in simple organic systems, in supramolecular systems  and in inorganic complexes. 

Recommended or required readings :

1. P. Suppan, Chemistry and Light, RSC, Cambridge 1994.

2. B. Valeur , Molecular Fluorescence, Principles and Applications, Wiley-VCH, New York, 2006. 

3. Inorganic Electronic Structure and Spectroscopy, vol. 1,2, Ed. I. Solomon and A.B.P. Lever, Wiley, New York, 1999. 

4. Organic Photochemistry and Photophysics, Ed. V. Ramamurthy,  K. S. Schanze, CRC, Taylor & Francis, 2006. 

5. G.J.Kavarnos, Fundamentals of Photo-induced Electron Transfer, VCH, Weinheim , 1994. - 
List of teachers :

 Dr hab. Anna  Szemik-Hojniak
Course title :   Molecular  Magnetism

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	 4.0
	Optional
	   Chemistry


	      2
	    3.0
	    Lecture 15 hours

    Lab. 15  hours
	   English
	 WRUN
	 Dr Alina Bieńko


Prerequisites :  basic knowledge of chemistry ( at undergraduate level )

Objectives : 
The aim of the course is to  acquaint  the students with magnetic phenomena in chemistry and biology from both experimental and theoretical perspectives. 

Related courses : - - -
Contents : 

Lecture, 15 hours: The investigations of the essence of magnetic phenomena in living organisms. Magnetic research methods as physicochemical methods of analysis of compounds. The analysis of the influence of a magnetic field upon living organisms. Determination of the molecular structure of complexes on the basis of magnetic studies. Coordination compounds of d-electron metal ions with drugs. High- and low-spin complexes. Dimer - monomer magnetic equilibrium. New molecular magnets and their technical applications. The occurrence and the importance of magnetite within the living organisms. Living organisms in strong and weak magnetic fields. Application of magnetic methods in studies of electron transfer. Magnetic super-exchange as a function of the distance of interacting metal ions.

Laboratory, 15 hours: Specific physical techniques of investigation of the magnetic materials. Exploration of the magnetic properties of d-electron metal complex compounds. Biologically active complex compounds. Magnetism of models of systems occurring in living organisms. 

Evaluation method : 
Lecture: written examination or presentation of a research paper ( duration: 1 hour, weight in global mark: 70 % )
Laboratory: Current evaluation of  correctness of experimental results and calculations necessary to interpreted magnetic properties of studied substances, laboratory  reports ( 30 % ).
Learning outcomes : 

Fundamental knowlegde of  molecular magnetism and the nature of magnetic interactions. Industrial and important technical applications of molecular magnets. Good understanding the role of  a magnetic field upon living organisms. The skill of the programming and design of synthesis new molecular magnets.
Recommended or required readings :

1. O. Kahn (Ed.,), Magnetism: A Supramolecular Function, NATO ASI Series C484, 

    Kluwer  Academic Publishers, Dordrecht, 1996.

2. O. Kahn, Molecular Magnetism, VCH, New York,1 993..

3.  P. Day, Molecules into Materials, Case Studies in Materials Chemistry – Mixed Valency,  

     Magnetism and Superconductivity, World Scientific Publishing Co. Pte. Ltd., London, 2007.

4. R. Boča, Theoretical Foundations of Molecular Magnetism, Elsevier, 1999.

List of teachers : 

1. Dr Alina  Bieńko
Université Paris Descartes

Course title : Spectroscopies

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Optional
	Physics

Chemistry


	1
	30
	Lecture


	English
	Paris
	M . Goldmann


Prerequisites : Notions of optics and physical chemistry. Elements of physics. Mechanic, waves, electromagnetism 

Objectives : understanding the basic concepts used in some outstanding experimental approach to probes molecular structures.

Related courses :
Contents 
	Spectroscopies
	Lecture
	Lab Work

	30 h
	n hours
	l hours

	Local field microscopies (AFM, STM, SNOM), small angles x-rays and neutron scattering (SANS, SAXS), use of synchrotron sources  EXAFS spectroscopy, Anomalous diffusion, NMR spectroscopy
	
	


Evaluation method :  

Oral presentation on a specific subject associated to a manuscript report. Both weight equally in the evaluation.

Learning outcomes 
Knowing the advantages and limits of each experimental method presented. 

Ability of determining which ones are the most adapted for a specific problem.

Evaluating the reliability of the results obtained in a specific measurement.

Recommended or required readings

List of teachers : M . Goldmann

Course title : Methods in Cell Biology

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	Paris
	Maïté Coppey


Prerequisites : (1 line) : Notions of optics and molecular biology
Objectives : Basic notions of Cell biology.  
Contents (detailed description, maximum half a page) will be presented.

	Methods in Cell Biology
	Lecture
	Lab Work

	
	n hours
	l hours

	Photonic imaging techniques.

Methods for the analysis of dynamic biological processes.

Application to practical examples in cell Biology
	10 h
10 h

	10 h



Evaluation method :  Written exam.

Learning outcomes  : Acquisition of practices in Molecular biology
Recommended or required readings

List of teachers : Maïté Coppey

Course title : Neurosciences

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Compulsory
Optional
	Physics

Chemistry

Biology

Engineering

Language
	1 or 3
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	Paris
	Claire Legay


Prerequisites : (1 line) : 

Objectives :  Acquisition of basic notions on neurons and electric signal transmission. 

Related courses :
Contents (detailed description, maximum half a page) will be presented.

	Neurosciences
	Lecture
	Lab Work

	
	n hours
	l hours

	 Neural signals and their transduction modes.

Development and plasticity of neurons and the nervous system : the role of adhesion protein.

Molecular and cellular approaches to the main pathologies of the nervous system.

Tools and concepts in Neurosciences.
	30 h

	


Evaluation method :  Written exam.
Learning outcomes : Acquisition of pre-requisite to follow more advanced courses in neurosciences
Recommended or required readings

List of teachers : C. Legay, T. Collin

Course title : Physical Chemistry of tissue interface, biocompatibility
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	6
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1 or 3
	60
	Lecture

Lab hours

Distant learning

Paper reports
	English
	Paris
	C. Forest


Prerequisites : Notions of physical chemistry 

Objectives :  Acquisition of theoretical and pracxtical skills in electrochemistry and its application to biology
Related courses : Fundamentals in Chemistry . Molecules and Interactions
Contents (detailed description, maximum half a page) will be presented.

	
	Lecture
	Lab Work

	60 h
	n hours
	l hours

	Catalysis, wetting

Deposited layers: adsorption, desorption, adhesion, salting-out

Langmuir films

Electrode, membrane, surface

Electrochemical processes and corrosion in biological media. Passivation

Inflammatory and immune response, application to biocompatibility studies. Tissue response.

Biocompatibility of materials in contact with biological tissue in the domain of medical instrumentation.

Classification and normalization of biomaterials.
	30

	30



Evaluation method :  Written exam, lab hour report.
Learning outcomes : using electro-chemistry to investigate cell membrane properties
Recommended or required readings

List of teachers : C. Forest

Course title : Imaging and cellular electrophysiology

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	 3
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	Paris
	Serge Charpak


Prerequisites : (1 line) : Basic notions of electrochemistry and of imaging methods
Objectives :  To explore instrumentation techniques for cell physiology
Related courses : Methods in cell biology ; Neurosciences ; Fluoresence in Biologie ; Nanophotonics
Contents (detailed description, maximum half a page) will be presented.

	Imaging and cellular electrophysiology
	Lecture
	Lab Work

	
	n hours
	l hours

	1- Theoretical aspects of instrumentation  and generation of functional probes

2- Interest of these techniques in Neurosciences

· Electrophysiology : intracellular and extracellular recording in vitro and in vivo

· Generation of organic and proteinic probes

· Optical coherence tomography, imaging by second harmonic generation, single- and multiphoton fluorescence imaging : theory and Instrumentation
· Optical tweezers, FRET, FRAP
· Evanescent wave microscopy
· Amperometry, capacitance measurements and exocytosis analysis
· Detection of single molecules
· In vitro calcium signaling
· In vivo cell imaging
	30
	


Evaluation method :  Written exam 
Learning outcomes : Mastering methods for cell detection
List of teachers : Serge Charpak

Course title : From neuron to neuronal networks

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	3
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	Paris
	Alain Marty


Prerequisites : (1 line) : Basic notions of neurophysiology
Objectives :  More advance knowledge of  neurotransmitters and  neuron networks

Related courses : Ion channel recording ; neurosciences ; methods in cell biology
Contents :
	From neuron to neuronal networks
	Lecture
	Lab Work

	
	n hours
	l hours

	Basic notion of neuronal activity : ion channels

Action potentials, discharge patterning

Communcation between neurons : synapses

Neurotransmitters/ Neurotransmitter release. 

Ionotropic and metabotropic receptors, cell biology of receptors

Integration of synaptic potentials. Dendrites. Excitation and inhibition

Synchronization, Rhytmicity
Synaptic plasticity

Neuron and its environment : in vitro and in vivo

Principles of neuron network organization
	30 h

	


Evaluation method :  Written or oral exam (with duration), presentation of a research paper, lab hour report, etc. If applicable, please indicate the weight of each type of examination to the global mark.
Learning outcomes  : Mastering investigation methods of neurons and neuron assemblies
Recommended or required readings

List of teachers : Alain Marty

Course title : Modelization and Neurophysics

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	3
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	Paris
	Claude Meunier


Prerequisites : (1 line) : Notions of neurophysiology
Objectives :  This course will show how an analytical and numerical study of neuron and network  models concepts derivated from theoretical and mathematical physics may help to solve problems related to cell and system neurophysiology.
Related courses : From neuron to neuronal networks
Contents
	Modelization and Neurophysics
	Lecture
	Lab Work

	
	n hours
	l hours

	1 -  Understanding the integrative properties of motoneurons  (15h)

· Introduction to cell  neurophysics : Neuron discharge and synaptic integration

· Synaptic integration in the spinal motoneuron

· Regulation of neuron discharge

2 – Action selection in basal ganglia

· Introduction to neurophysics of systems

· Modelization of basal ganglia

· Action selection in basal ganglia 

· Discussion of model hypotheses, predictions, other dynamical models.


	30 h

	


Evaluation method :  Personal work (study of key papers in the domain) will allow students to use the theoretical concepts acquired in the course to neuronal biophysics, physiology or motor systems and neuron/network dynamics.  

Learning outcomes : advanced competences of neuron physiology
Recommended or required readings

List of teachers : Claude Meunier 

Course title: Advanced optical methods for neuroscience
	ECTS
	Type
	Discipline
	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	2
	Optional
	Physics,Biology
	1 or 3
	24
	Lecture
	English
	UPAD
	Valentina Emiliani


Prerequisites : Physics, basic of optics or biology.

Objectives: 

The main objective of the course is from one side to give the basic principle of optical microscopy and on the other side to present state of the art optical methods for applications in biology and more specifically in neuroscience. Ultimately the course aims at orienting students who wish to carry out their research carrier at the interface between optics and biology toward the right choice among the different existing possibilities.

Related courses: Nanophotonics, Fluorescence in Biology

Contents 
In neuroscience, the combination of optical methods with genetically encoded photosensitive tools (optogenetics) and caged biochemical compounds has offered the opportunity to quickly probe and monitor arbitrarily large numbers of events at user defined regions of interest. This ongoing revolution has motivated the development of new optical methods for imaging and light stimulation: two-photon microscopy, super resolution microscopy, in vivo imaging, micro-endoscopy and holographic photoactivation.

The course will be given by physicists who have completed pioneering works on the use of these techniques. Lectures on advanced optical methods will be preceded by specific introductory lectures. The course will also include some contributions from outstanding neuroscientists who have used these techniques to solve key neurobiological questions.

	
	Lecture

	Basic concepts of diffractive optics and phase modulation (B. Forget)
Basic concepts of fluorescence microscopy (M. Guillon)
Introduction to optogenetics (V. Emiliani)

Basic concepts of two-photon microscopy (E. Papagiakoumou)

Spatiotemporal control of brain activity by holographic light patterning (V. Emiliani)
In vivo imaging and microendoscopy (C. Ventalon)
Two photon optogenetics ((E. Papagiakoumou)

Holographic microscopy (B. Forget)

Super resolution microscopy (STED, PALM) (M. Guillon)
	2hours

2hours

2hours

2hours

2hours

2hours

2hours

2hours

	Focussed lectures from external speakers (A. Florin, C. Wyart)
	2hours/each


Evaluation method :  

Oral exam 6/10  ;   Presentation of a research paper 4/10

Learning outcomes 

At the end of the course, student will have knowledge of the basic principle of optical microscopy, and an overview of the emerging optical methods for biology and neuroscience.

They will also learn to read and analyse a scientific papers focused on research projects at the interface between optics and biology.

Recommended or required readings

Principles of fluorescence microscopy (Lakowicz)

Principles of neural science (Kandel, Schwartz, Jessell)

Handbook of biological and confocal microscopy

List of teachers : 

Benoit Forget, Marc Guillon, Valentina Emiliani, Cathie Ventalon,  Eirini Papagiakoumou, Albeanu Florin (Cold spring Harbour Lab. New York , USA), Claire Wyart (Brain and Spinal Cord Institute (ICM), Paris)
National Taiwan University
Course title : MICRO-ELECTRO-MECHANICAL SYSTEM & NANOTECHNOLOGY
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Engineering
	1
	30
	Lecture


	English
	NTU
	


Prerequisites : (1 line) : 
Contents (detailed description, maximum half a page) will be presented.

	
	Lecture
	Lab Work

	
	n hours
	l hours

	What is MEMS? Introduction to Microscopic World

Review of Standard VLSI Microfabrication, Processes in CMOS

MEMS Fabrication Process Bulk and Surface Micromachining: 

Non IC-based micromachining

Integration of Microstructures and Electronics, MEMS plus CMOS

Micro sensors: Physical and Chemical

Nano Technology: Atomic force Microscopy, Scanning Near-field Microscopy, Scanning Tunneling Microscopy 

Intermolecular forces & Molecular interaction

Biosensors

Lab-on-chip 
	30

	


Evaluation method :  Presentation of a research paper
Course title : MEDICAL MICROSENSOR 
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	NTU
	CHII-WANN LIN 


Contents 
	
	Lecture
	Lab Work

	
	n hours
	l hours

	Micromachined Transducers 

Fundamentals of Microfabrication

Medical Instrumentation: Application and Design
	
	30



Evaluation method :  Lab hour report
List of teachers : CHII-WANN LIN 
Course title : MEDICAL PHOTONICS 
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	NTU
	


Contents 
	
	Lecture
	Lab Work

	
	n hours
	l hours

	The goal of this course is to introduce the fundamental principles of various techniques used in modern biomedical applications. Upon completion of this course, student will be able to: Grasp the underlying principles of novel biomedical imaging and diagnostic techniques, and understand their advantages and limitations.  
Overall Introduction 
 Fundamentals of Light and Matter 
Basics of Biology 
Light-matter interactions 
Principles of Lasers 
Photobiology 
Bioimaging Applications

Optical Tweezers
Confocal Microscopy 
 Photodynamic Therapy 
Simulation techniques   
	30

	


Evaluation method :  Written exam.
Course title : NEAR-FIELD OPTICS

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	2
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1
	20
	Lecture

Lab hours

Distant learning

Paper reports
	English
	NTU
	Ding Ping Tsai


Related courses : Nanophotonics
Contents
	
	Lecture
	Lab Work

	
	n hours
	l hours

	Optical Near Fields and Evanescent Waves: From Newtonian Optics to Atomic Optics

 Optical Nanotechnologies: The Manipulation of Surface and Local Plasmons

 Near-field Optics and Surface Plasmon Polaritons, Satoshi Kawata, Springer (2001). 

Near-field Nano-optics: Nano-fabrication 


	20
	


Evaluation method :  Written exam 
List of teachers : Ding Ping Tsai
Course title : BIOMEMS AND BIO-NANO-TECHNOLOGY 
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	NTU
	Tzong-Jih Cheng


Contents (detailed description, maximum half a page) will be presented.

	
	Lecture
	Lab Work

	
	n hours
	l hours

	Introduction & micro-devices : Introduction to Bio-MEM, Microsensors & detection methods, Microactuators & drug delivery, Biocompatibility & safety issues.

Microfabrication and bio-interfaces : Fundamentals of Micro-Fabrication (top-down approaches), Nanoparticles & Self-assembled molecules, Integrating bio-elements into micro-devices 

High-Throughput Molecular Diagnostics : Biomolecules and Their Functions, Toward High-Throughput Diagnostics,  Microarray Technology, Lab-on-a-Chip Technology
Introduction to Nano System Design for BioMed and BioResrouces Industries: Frontline Researches in Nano BioMed Technology, Reaction kinetics design of soft and hard biomolecules for μ opto-electro-magneto field detection, Materials-processing-metrology triad for bio nano sensing elements design.


	30

	


Evaluation method :  Oral exam 
List of teachers : Tzong-Jih Cheng
Course title : PHYSICS OF NANOSCALE ELECTRONIC AND OPTICAL MATERIALS 
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	NTU
	Miin-Jang Chen


Contents (detailed description, maximum half a page) will be presented.

	
	Lecture
	Lab Work

	
	n hours
	l hours

	An introduction to quantum mechanics 

 Potential barriers and wells 

Tunneling through potential barriers 

Distribution functions and density of states 

Equilibrium and Restoration of Equilibrium 
Electrical and transport properties 

Optical properties 

Electronic and optoelectronic devices 

Advanced Concepts 


	30

	


Evaluation method :  Written exam 
List of teachers : Miin-Jang Chen
Course title : ELECTRONIC AND OPTOELECTRONIC POLYMERS
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	NTU
	


Related courses : Molecules and Interactions ; Advanced Polymers
Contents (detailed description, maximum half a page) will be presented.

	
	Lecture
	Lab Work

	
	n hours
	l hours

	Electronic Structures of Polymers

Electronic and Optoelectronic Properties of Polymers

Charge Transport in Conjugated Polymers

Design and Synthesis of Conjugated Polymers

Bandgap Engineering of Conjugated Polymers

Conducting Polymers

Light-emitting Polymers

Phtotovoltaic Polymers
Polymer Thin Film Transistors

Nonlinear Optical Polymers

Polymer Superlattices


	30

	


Evaluation method :  Written exam 
Course title : PHOTON SCATTERING
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry

Biology

Engineering

Language
	1
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	NTU
	


Prerequisites : (1 line) : 
Objectives : (5 lines maximum)

Related courses :
Contents (detailed description, maximum half a page) will be presented.

	
	Lecture
	Lab Work

	
	n hours
	l hours

	This course will be focused on the foundations of simulation techniques used in the research of light scattering in macroscopic random media. Upon completion of this course, student will be able to:

Grasp the scope of contemporary and emerging techniques used in the study of multiple light scattering by particle systems and continuum random media.

Understand the advantage and limitations of conventional research techniques used in biomedical research, including light scattering by randomly-packed particle systems or biological tissue structures.


	30

	


Evaluation method :  Written exam 
National Chung Cheng University

Course title : Nanophotonics

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry
	1
	30
	Lecture


	English
	NCCU
	Chia Chen Hsu


Objectives : This course is a graduate level course offered at CCU for those interested in the optical properties of nanostructured materials. The course will cover optical properties of nanomaterials, light manipulation based nanomaterials, design and fabrication of nanostructured materials, applications of nanomaterials. In this course, optical properties of three typical nanostructured materials including: quantum confinement materials, photonic crystals, and nano metallic materials will be discussed.

Contents 
	
	Lecture
	Lab Work

	
	n hours
	l hours

	1. Introduction

  Nanoengineering and sciences, Nanophotonics materials, Nanofabrication, Nano characterization, Market and applications, Nanotechnology in Taiwan.

2. Foundations of nanophotonics

  Photons and electrons, Confinements of electron and photons, Tunneling, Localization effects, Cooperative effects, Nanoscale optical interactions, Surface plasma resonance.

3. Quantum confinement materials 
   Quantum wells, Quantum wires, Quantum dots, Manifestations of quantum confinement,

4. Photonic crystals fundamentals 
   Photonic crystals, Opal and inverse opal structures, One dimensional photonic crystal, Photonic bandgap, Two- and three-dimensional photonic crystals, Properties of photonic crystals and their applications, Defects in photonic crystals  

5.  Nonlinear optics with photonic crystals

   Nonlinear effects, Composite materials for nonlinear optics, Photonic bandgap nonlinear enhancements,

6.  Photonic crystals slab waveguides 
   2D rods slab, 2D air membrane slab, microcavity and defects  

7.  Fabrication of photonic crystals

   Top down techniques, Photo-lithography technique, E-beam lithography technique, Two-photon lithography technique, Holography lithography technique, Bottom up techniques, Self assembling of nano colloids, Self assembling of block copolymers

8. Photonic crystal fiber

Conventional fiber, Photonic crystal fibers, Hollow core bandgap fibers, Solid core holey fiber, Onmi guide fiber, Nonlinear holey fiber

9. Nanophotonics plasmonics.

   Surface plasma resonance basics, Surface plasma polaritons, Metallic nano shells, plasmonic waveguide
	30

	


Evaluation method :  Written exam 
List of teachers : Chia Chen Hsu

Course title : Physics of ultracold atoms
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics


	1
	30
	Lecture

Lab hours

Distant learning

Paper reports
	English
	NCCU
	Dian-Jiun Han


Objectives : This course is a graduate level course offered at CCU for those interested in the field of ultracold atom physics. The course will cover the topics mostly related to the fundamental theory and experimental techniques to produce cold atoms, including those in the quantum degenerate regime such as Bose-Einstein condensates. Besides, this course will also discuss the newly developing research topics like atom interferometry, ion traps and quantum computing. 

Contents
	
	Lecture
	Lab Work

	
	n hours
	l hours

	Syllabus:

1. Introduction

Basic laser spectroscopy: Doppler broadening of spectral lines, Saturated absorption spectroscopy, two-photon spectroscopy 

2. Laser cooling and trapping

Scattering force, Slowing an atomic beam, Optical molasses, Magneto-optical trap-MOT, Optical dipole force and trap, Polarization-gradient cooling, Atomic fountain

1. Magnetic trapping, Evaporative cooling and Bose-Einstein condensation

Principle of magnetic trap and evaporative cooling, Bose-Einstein condensation in dilute atomic gas  

2. Atom interferometry

Young’s double-slit experiment, Diffraction grating for atoms, Atom interferometer using gratings and light 

3. Ion trap

Principle of ion trap, Earnshaw’s theorem, Paul trap, Buffer gas cooling, Laser cooling of trapped ions, Quantum jumps 

4. Quantum computing 

Qubits and their properties, A quantum logic gate, Parallelism in quantum computing, Decoherence and quantum error correction.
	30
	


Evaluation method :  Written or oral exam (with duration), presentation of a research paper, lab hour report, etc. If applicable, please indicate the weight of each type of examination to the global mark.
Learning outcomes (5 lines maximum, describing the skills acquired  at the end of the course)

Recommended or required readings

List of teachers : Dian-Jiun Han
Course title: Nanostructure Science
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	3
	Compulsory

Optional
	Physics

Chemistry
	1
	30
	Lecture


	English
	NCCU
	Churng-Ren Chris Wang


Objectives : (5 lines maximum) The emphasis in this course is to introduce students to the science of the nanostructured materials, their chemical and structural characterization, material fruitful properties, and the technological implications of these materials. Special attention is devoted to presenting the new developments in this field and future perspectives
Related courses :Nanophotonics
Contents 
	
	Lecture

	
	n hours

	1st SECTION
INTRODUCTION 
The Definition and Basic Characteristics of nanomaterials (CRCW-NMSL)

Including Fundamentals in dispersion and flocculation of nanoparticles Atkins 8th Ed. 18.1-18.5 (Molecular interactions); 19.13-19.14 (Macromolecules and aggregates)

Forbes/Wolfe Nanotech Report 2002
Early history of nanotechnology  (CRCW-NMSL)

Early history of nanotechnology - ppt version (CRCW-NMSL)

Study Guide 01 (CRCW-NMSL)

Early history of colloidal science and Fundamentals  (CRCW-NMSL)

Cluster Science in 80's~90's   (CRCW-NMSL)

"There's Plenty of Room at the Bottom" Feynman's classical talk

Students' preview and discussion on:

Some examples of how nanotechnology impacts our lives now
Turn-in Homework in Nanoproducts  
Sources: (Forbes/Wolf Nanotech Report) Top 5 Nanotech Breakthrough of 2006, Top 10 Nanotech Products in 2005, Top 10 Nanotech Products in 2004, Top 10 Nanotech Products in 2003. Also, search for your own interest in: Bacteria and virus antibiosis nano-filters; Nontoxic nano-disinfectant; Nano-clarity treatment for automotive glass; Superhydrophobic Spray (BASF); Brighter and less expensive nano-display (i.e. NED(Nano Emissive Display)); Energy saving and better quality nano-electronics; Household appliances (i.e. antibacterial nano-vacuum cleaner); CNT; Nano light blub, Nano fiber; More powerful sporting goods: golf balls and drivers, Tennis balls and rackets; Anti-stain, wrinkle free, water repellent clothes; Highly absorbent nano-skin care: Nano cosmetics, Nano beauty pack, eye gel; Nano tile; Antibacterial nano-toothpaste; Solar energy: solar cell

2nd SECTION
NANOFABRICATION
Teaching material  (CRCW-NMSL) - Bottom-up vs. Top-down; Size control; Shape control; Template-based method: Soft vs. Hard; VLS technique; On the carbon nanotubes (CNTs)

Other Link: Synthesis and Characterization of CNTs
Turn-in Homework in Nanofabrication:

Examples of nanosynthesis for 0D, 1D, 2D, and another type of nanostructures

Find your topics

1. Material including composition and shape in terms of 0D, 1D, 2D, or others

2. Brief description in its methodology

3. The most interesting point(s) to you regarding the synthesis scheme. 

Prepare for your powerpoint presentation

3rd SECTION
CHARACTERIZATIONS 

Characterization of nanomaterials  (CRCW-NMSL)

TEM analysis Size and Shape; Composition; Crystallinity; Other Tools

Team Project (To be announced)
Find your team-mates

Prepare your Team Project Report which should include (i) Design in synthetic scheme; (ii) Experimentals and Characterizations (iii) Results and Discussion

4th SECTION 
PROPERTIES OF NANOMATERIALS

Teaching material  (CRCW-NMSL)
Optical property - strong absorption of metal nanoparticles (surface plasmon resonances)

    Discussion 1: The immunoassay rapid tests

    Discussion 2: The detection of oligonucleotides
Optical property - efficient light emission of semiconductor nanocrystals (the quantum confinement effect)

    Discussion 3: Photosensitized solar cell

Catalytic property - Size-dependence

On the carbon nanotubes - 

    Discussion 4: Flat Panel Display (FED 


	30



Evaluation method :  Written exam 
List of teachers : Churng-Ren Chris Wang
Research projects :

Chia Chen Hsu, Professor

Research interests: 

1. Nanophotonics: fabrication, characterization and applications of nanomaterials.

2. Polymer Optics: polymer materials for optoelectronics and biosensing applications.    

Project 1: 

Photonic crystal for biosensing applications.

Project 2: 

Light manipulation based on nanostructured materials.

Project 3: 

((2) nonlinear polymer photonic crystal: design, fabrication and applications. 

Tai-Huei Wei, Professor

Research interests:

1. Photodynamic therapy.

2. Non-quasistatic mass transport.

Project 1:

Kramers-Kronig relation between nonlinear absorption and refraction.

Hung-Chih Kan, Associate Professor

Research interests

1. Fluorescence enhancement from Metallic Nanometer structures

2. Evolution of surface morphology during molecular beam epitaxial growth or annealing.

Project 1: 

Fluorescence enhancement from Metallic Nanometer structures.

Project 2: 

Evolution of CoSi2 island on (5x2)Au/Si(111) surfaces.  

Dian-Jiun Han, Associate Professor

Research interests:
1. Laser cooling and trapping of neutral atoms. 
2. Ultracold atom physics and manipulation.

Projects:

1. Chip-type atom trapping.

2. Nonlinear spectroscopy of ultracold atoms.

3. Spectral sensitivity enhancement of interferometers using slow light media.

Wang, Churng-Ren Chris, Professor
Research Interests:

Unique Nanostructures: Synthesis and Methodology

Chemistry/Physical Properties of Nanomaterials

Surface Plasmon Resonance Nanomaterials: Experiment, Theory and Applications

Biomedical directed nanoscience

Project 1: 

Rod-like Nanoparticles: Advance in Their Preparation and Applications

Project 2:

Optoacoustic functional and molecular imaging using gold nanoparticles: Design and Synthesis of Nanoprobes for Optoacoustic Functional/Molecular Imaging
Yang, Tzyy-Schiuan, Associate Professor

Research Interests:

Individual Behaviors of Chemical and Biological Molecules Studied by Single-molecule Fluorescence Microscopy

Optical Properties of Metal Nanoparticles

Surface Enhanced Raman Spectroscopy

Project:

Fluorescence Microscopy Study of Lipid Membranes and Membrane Proteins
Hwang, Dennis W., Assistant Professor

Research Interests:

The methodological developments of novel magnetic resonance imaging and its biomedical applications.

The studies of contrast enhancements in MRI by utilizing active feedback RF field.

The studies of effects of superaramagnetic nanoparticles in MRI.

Project:

Novel MRI Contrast Developments for Valuable Biomedical Applications by the Manipulations of Spin Dynamics
Chau, Lai-Kwan, Professor
Research Interests:

Chemical and Biochemical Sensors 

Sol-gel-Derived Materials 

Nanoparticles 

Electrochemistry and Photoelectrochemistry 

Project 1:

Nanomaterials for Photoelectrocatalysis and Surface-Enhanced Spectroscopies
Project 2:

An integrated multi-transduction sensor platform for direct and quantitative detection of pathogens
Project 3:

Optical Waveguide-Based Nano-Biosensors
Kai-Ming Chi, Professor

Research Interests: 

Inorganic and Organometallic Synthesis 

Chemical vapor deposition of metal and oxide thin films

Preparation and characterization of metal and alloy Nano Materials 

Porject:

Synthesis and Characterization of 1-D Metal Nanostructured materials
Saint Petersburg University of

 Information Technologies, Mechanics and Optics 
Course title : Nanomaterials and nanotechnology

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory

Optional
	Physics

Chemistry
	
	50
	Lecture

Lab hours
	English
	ITMO
	Igor Denisyuk

Julia Burunkova


Prerequisites :  physic, organic chemistry 
Objectives : 
Physique of nanosized semiconductors, nanoparticles synthesis, technology of nanocomposite preparation and its characterization. 
Related courses : 3D micro- and nano- technology based on photopolymers ; lecture and experimental training

Contents.
	
	Lecture
	Lab Work

	
	n hours
	l hours

	Short description. At the present time homogeneous optical and optoelectronic media such as optical glasses, monocrystals and polymer materials are replaced by new composite materials, especially nanocomposites. Nanocomposite material require special new methods of its preparation and characterization. These lectures and training will cover such topics as optics of disperse materials, state of nanoparticles in composite, processes of coagulation and stabilization of nanoparticles, methods of preparation of nanoparticles and nanocomposite materials, self- ordered nanocomposites, method of characterization: IR spectral analysis, DSC, DGA, SEM microscopy, atomic force microscopy; main potential applications as a microoptical materials, film optics, NLO materials, solar cells and photoresists. 

During practical training students will prepare nanocomposite material from raw materials to ready nanocomposite film and will made its characterization by lab equipment.   
Used equipment list.

Chemical laboratory, Abbe refractometer, spectrophotometer spekol 1300, 821-13002-2 AJ, Analytik Jena AG, IR Fourier spectrometer FSM-1201, DSC, DGA, motorized optical microscope with DIC and polarimeter.
	15

	35



Evaluation method :   Written exam - 50%; presentation - 50%.
Learning outcomes 
Student will be able to demonstrate knowledge of the main optical properties  and method of synthesis and characterization of nanocomposites materials and their applications. Application of the main devices for its characterization. 

Recommended or required readings
[1]. Synthesis of Nanocomposite Organic/Inorganic Hybrid Materials Using Controlled/“Living” Radical

Polymerization Jeffrey Pyun and Krzysztof Matyjaszewski Chem. Mater. 2001, 13, 3436-3448

[2] Laura L. Beecroft and Christopher K. Ober Nanocomposite Materials for Optical Applications // Chem. Mater. 1997, 9, 1302-1317.

[2] R.A.S. Ferreira, P.S. Andre, L.D. Carlos Organic–inorganic hybrid materials towards passive and active architectures

for the next generation of optical networks Optical Materials, 32 (2010) 1397-1409.
List of teachers : Prof. Igor Denisyuk, Dr. Julia Burunkova. 

Course title : Metallic nanoparticles and nanostructures: optical properties and applications

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory

Optional
	Physics

Chemistry
	
	50
	Lecture

Lab hours
	English
	ITMO
	Andrey I. Denisyuk


Prerequisites : no special prerequisites, just general background in physics and optics
Objectives : The aim of the course is to familiarize students with: main optical properties of metallic nanostructures, methods of nanostructure fabrication, electromagnetic modeling and experimental investigation of optical properties of nanostructures, potential applications of metallic nanostructures.

Related courses : Nanomaterials and nanotechnology
Contents.
	
	Lecture
	Lab Work

	
	n hours
	l hours

	Introduction to optical properties of metallic nanostructures

Optical properties of metallic nanoparticles and nanostructures are underpinned by surface plasmons. This lecture  will cover such topics as types of surface plasmons, their influence on the near- and far-field optical behavior of nanostructures and methods of surface plasmon excitation.
	4
	2

	Electromagnetic modeling of the optical properties
Various numerical methods for solving electromagnetic problems will be described: discrete dipole approximation, boundary element method, finite-difference time-domain, finite element method etc. Analytical solutions will be considered in brief.
	6
	6

	Fabrication of metallic nanostructures
Main methods of nanoparticle synthesis and nanostructure fabrication will be reviewed including self-assembly deposition, wet chemical techniques, different lithographic approaches etc.
	6
	6

	Experimental study of the optical properties of metallic nanostructures

Various experimental methods will be reviewed: optical far-field and near-field microscopy, electron microscopy cathodoluminescence etc
	6
	2

	Applications of metallic nanostructures

Main potential applications of surface plasmons in metallic nanoparticles and nanostructures will be described including plasmon waveguides, imaging, sensing, field-enhanced microscopy and spectroscopy etc
	4
	2


	Presentation of a research paper
	6
	


Evaluation method : presentation of a research paper related to the course
Learning outcomes

A successful student will be able to demonstrate knowledge of the main optical properties of metallic nanostructures and their applications, understand methods of metallic nanostructure fabrication and characterization, apply various numerical methods for electromagnetic modeling.

Recommended or required readings

[1] K. Lance Kelly, Eduardo Coronado, Lin Lin Zhao, and George C. Schatz, “The Optical Properties of Metal Nanoparticles: The Influence of Size, Shape, and Dielectric Environment,” J. Phys. Chem. B 107, 668-677 (2003).

[2] Christian Dahmen, Gero von Plessen, “Optical Effects of Metallic Nanoparticles,” Aust. J. Chem. 60, 447–456 (2007).

List of teachers : Dr. Andrey I. Denisyuk

Course Title : 3D micro- and nano- technology based on photopolymers ; lecture and experimental training
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory

Optional
	Physics
	1
	50
	Lecture

Lab hours
	English
	ITMO
	Nadejda Vorzobova 

Julia Burunkova


Prerequisites : (1 line) : physic, organic chemistry

Objectives : (5 lines maximum) The main goal of this course is to study the processes of formation of polymer elements using nanocomposites for the MEMS and MOEMS, micro- sensors, microoptics, holographic and microoptical films, photonic crystals  and investigations of their characteristics
Related courses : Nanomaterials and nanotechnology

Contents 
	
	Lecture
	Lab Work

	
	n hours
	l hours

	 Modern photopolymers based micro- technologies such as: gray lithography, deep lithography, soft lithography allows preparing 3D elements with microns, up to nanometers sized features. 

These lectures and training will cover such topics as: photopolymerization and initiation to light action, holography and holographic writing of 3D structures, self-focusing of the light in photopolymers, preparation and characterization of raw material; the main processes: direct laser writing, gray lithography, deep lithography, holographic lithography. Experimental trainings will cover all processes listed above and methods of characterization based on optical microscopes and interferometers. The main area of application will be considered: MEMS and MOEMS, micro- sensors, microoptics, holographic and microoptical films, photonic crystals. 

Used equipment list.

Technological laboratory, optical microscopes, direct laser writing tool LG 10F15 (spot sixe 2,5 um), UV mercury lamp projector, UV He-Cd laser 320 nm, holographic setup 
	10

	40



Evaluation method :  Written or oral exam (with duration), presentation of a research paper, lab hour report, etc. If applicable, please indicate the weight of each type of examination to the global mark.
Written exam 50%; lab hour report 50%
Learning outcomes (5 lines maximum, describing the skills acquired  at the end of the course)
Skills in order to obtain nanocomposite polymer elements for the MEMS and MOEMS, micro- sensors, microoptics, holographic and microoptical films, photonic crystals and investigations of their characteristics will be received at the end of the course.

Recommended or required readings

1.) Yasuo Tomita, Naoaki Suzuki, Katsumi Chikama. Holographic manipulation of nanoparticle distribution morphology in nanoparticle-dispersed photopolymers. Optics Letters, 2005 , volume 30, number 8, pp 839-841

2.) J. R. Lawrence, F. T. O’Neill, J. T. Sheridan. Photopolymer holographic recording material. Optik - International Jornal for Light and Electron Optics, volume112, issue 10, 2001, pp 449-463

3) Subwavelength microstructures fabrication by self-organization processes in photopolimerizable nanocomposite

I.Yu. Denisyuk , N.D. Vorzobova, N.O. Sobeshuk, J.E Burunkova . Journal of Nanomaterials, 2012. The special issue is

"Nanocrystals-Related Synthesis, Assembly, and Energy Applications 2012"

List of teachers : Dr. Nadejda Vorzobova , Dr. Julia Burunkova
Course Title : Modern laser technology

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory

Optional
	Physics


	1
	50
	Lecture

Lab hours


	English
	ITMO
	Prof. Kozlov S.A., Prof. Bespalov V.G., 

Dr. Petrov N.V., Dr.Chivilikhin S.A, 

Dr. Andreeva O.V.


Prerequisites : physics, optic, laser technology
Objectives : The Course Modern laser technology is intended for masters education on the basis of up-to-date representations in the field of theoretical and experimental methods of modern optics of ultrashort pulses and production technologies on their base; the questions of quantum calculations, quantum teleportation and quantum cryptography; holograms basic properties and experiment technique.

Related courses : Optical computing and optoinformatics
Contents
	
	Lecture
	Lab Work

	
	n hours
	l hours

	. Femtosecond optics and femto- technology
The discipline «Femtosecond optics and femtotechnology» is intended for masters degree in the field «Photonics and Optoinformatics» on the basis of up-to-date representations of theoretical and observational methods of optics of extreme light pulses and production engineering on their base.

The course consists of three parts:

Theoretical considerations

Femtosecond lasers and hardware

Terahertz technology.

 Quantum informatics 
 The quantum informatics is the new direction of physical science. It uses the quantum objects for information processing and transmission. The lectures contain the questions of quantum calculations, quantum teleportation and quantum cryptography. The laboratory works: Plug-and-Play system of quantum cryptography.

Applied holography

Holograms basic properties. Holograms classification. Holography experiment technique.  Scientific and technical applications: Image Holography; Holographic interferometry;  Security Holography (use in Security applications); Holographic memory.

Practical workshop. Development of Image Holograms by Yu.N. Denisyuk method.  Holographic optical elements development.
	8

8

4
	12

6

12


Evaluation method :  
 Written exam 50%; 

lab hour report 50%

Learning outcomes
Theoretical basis of femtosecond optics and technologies; methods of the analysis of femtosecond pulse propagation in various optical media; features of interacting of high-intensity ultrashort pulses with matter; the generation and detection of THz pulses; Application of THz radiation: the spectroscopy of FIR, medicine, the safety control, using the quantum objects for information processing and transmission, holograms basic properties and experiment technique.
Recommended or required readings

1. Rulliere C., Femtosecond laser pulses. Springer-Verlag, Berlin. Heidelberg. 1998.

2. Kamiya T., Saito F., Wada O., Yajima H. Femtosecond technology. Springer-Verlag,   Berlin. Heidelberg. 1999.

3. Jean-Clande D., Wolfgang R. Ultrashort laser pulse phenomenon. Fcademic Pr. 2006

4. Kiyomi S. Terahertz optoelectronics. Springer-Verlag, Berlin. Heidelberg. 2005.

5. G. P. Agrawal, Nonlinear Fiber Optics, 4th edition (Academic Press, Boston, 2007)

6. X.-C. Zhang, Jingzhou Xu. Introduction to THz Wave Photonics // Ch.1, Springer New York Dordrecht Heidelberg London, (2010).

7. Andreeva O.V.,  Bandyuk O.V. Light-sensitive Media-Composites for Recording Volume Holograms Based on Porous Glass and Polymer. Hologram / Book 1. ( 26 p.), 2011, ISBN 978-953-307-981-3

8. Michael A. Nielsen, Isaac L. Chuang. Quantum Computation and Quantum Information. Cambridge University Press. 2004. 675 pp.
9. Roger L. Freeman. Fiber Optic Systems for Telecommunications. Wiley-Interscience. 2002. 336 pp.
10. Dirk Bouwmeester, Artur K. Ekert, Anton Zeilinger. The Physics of quantum information. Springer.  2000. 
314 pp.
List of teachers : Prof. Kozlov S.A., Prof. Bespalov V.G., Dr. Petrov N.V., Dr. Chivilikhin S.A, Dr. Andreeva O.V.
Course Title: Computing and programming
	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory

Optional
	Engineering


	1
	50
	Lecture

Lab hours
	English
	ITMO
	Zviagin V.F.

Bakchtin M.A.




Prerequisites : Parallel programming of numeric calculations with Intel Fortran-95 and C#.
Objectives : The main goal of this course is to study the parallel programming for multicore and supercomputers, Fortran -95 is used to develop parallel application with internal Fortran media. Two approaches are used to develop  parallel application with external media.

Related courses : programming with Fortran-95 and C#.
Contents.

	
	Lecture
	Lab Work

	
	n hours
	l hours

	1.Parallel Programming.  

A number of approaches to organize parallel programming are well known. They are OMP in common storage and MPI in full storage of supercomputer.  Applications of Parallel Programming are illustrated by Fast Fourier Transformations. It is main numeric method to do calculations in spectral approach e.g. in terahertz wave distribution. 

2. Basic languages 

Basic languages are Fortran-95 and C#. Students study statements of these languages and IDE Studio to work with them. Some materials linked with operating system Linux or Windows will be studied too. 

3. Supercomputer application: Parallel programming for numerical calculations

Used equipment list.

Supercomputer placed at the Photonics and Optoinformatics Department of ITMO.
	10


	40




Evaluation method :  
Written exam 50%; 

lab hour report 50%

Learning outcomes 
The skills acquired at the end of the course: students will be able to write short program in Fortran-95 and C#.

Students should know two approaches to parallelize a program – OMP and MPI. 

Recommended or required readings

Introduction to Programming with Fortran: With Coverage of Fortran 90, 95, 2003, 2008 and 77 [Paperback] Ian Chivers, Jane Sleightholme
SIMD Programming Manual for Linux and Windows (Springer Professional Computing) by Paul Cockshott and Kenneth Renfrew (Dec 15, 2010) 

List of teachers : Dr. Zviagin V.F., Dr. Bakchtin M.A.

Course Title: Optical computing and optoinformatics

	ECTS
	Type 
	Discipline


	Semester
	Number of hours
	Mode of delivery
	Language
	Place
	Person in charge

	5
	Compulsory

Optional
	Engineering


	1
	50
	Lecture

Lab hours


	English
	ITMO
	Dr. Alexander V. Pavlov

Prof. Bespalov V.G., 

Dr. Smolyanskaya O.A.


Prerequisites :: physic, information processing, artificial intelligence, computing
Objectives : Physical foundations for optical and holographic technologies for information processing, computing, and artificial intelligence. Optical and holographic technologies for information processing, computing, and artificial intelligence.
Related courses : Modern laser technologies, Computing and programming.
Contents 
	
	Lecture
	Lab Work

	
	n hours
	l hours

	1.Holographic Technologies for Artificial Intelligence; lecture and experimental training.  

A number of deep analogies between Optical Holography from one hand and biological brain and mind from the other hand, are well known. These analogies form the base for so called Holographic Paradighm  in Cognitive Science.  In Cognitive Science  Holographic Paradighm is developed on the level of mathematics, not hardware. From the "holographic point of view", mainly holographic associative memory is well developed on the level of technology. However, memory forms the base of intelligence, but it's not enough to be intelligence. Fuzzy logics, abilities for prediction, creative tasks solving, plausible reasoning (abduction and induction) are the main attributes of human thinking that are to be implemented. In this course we discuss how these attributes can be implemented in hardware by Fourier-holography technique.

2. Basic optoinformatics

Optoinformatics is the science and technique field linked to examination, development, making and usage of new materials, production engineering, instruments and the devices intended for transfer, reception, storage and an information display on the basis of optical technologies. 

The course for the bachelor  “Basic optoinformatics” is supposed to result:

- Knowledge, skills, sufficient for consideration of physical principles, processes and the methods used in instruments and devices of optics, photonics, in optical information technologies;

- The innovative thinking promoting professional mobility and allowing to initiate, to generate new ideas and to push new products on the market.

3. Supercomputer application: Parallel programming
	15


	35




Evaluation method .Written exam - 50% ;  presentation - 50%.
Learning outcomes Students are able to demonstrate knowledge of both physical foundations and basic principles of optical information processing methods as just as optical and holographic technologies and setups  for information processing, computing and artificial intelligence, ability to apply the knowledge to solve tasks of information processing and artificial intelligence.

List of teachers : Dr. Alexander V. Pavlov, Prof. Bespalov V.G., Dr. Smolyanskaya O.A.
Technion : Israel Institute of technology

The Interdisciplinary Program for Nanoscience and Nanotechnology

648002 - Physics and chemistry of small systems  (3 credits) 

Quantum dots and wires - solution of the Schroedinger equation with and without Coulomb interaction. Calculation of the wavefunction and spectra in the ballistic and diffusive limits. Electron-electron interactions and electron coherence, exchange and spin phenomena, statistics of energy levels, transport phenomena. Optical properties- excitons and biexcitons, coupling between charge carriers and phonons. Fabrication and synthesis of quantum dots and wires - electrostatic definition, microelectronics-related techniques, chemical synthesis and colloidal methods. Metallic quantum dots and wires, c60 and carbon nanotubes, conductive polymers. electrical, optical and magnetic measurements of quantum dots and wires. Devices: lasers, diodes and detectors based on quantum dots, conducting wires, single-electron transistors, spin-based switching. Self-assembly of complex structures. 

648001 - Seminar in nanosciences and nanotechnology (2 credits)

The objecvtive of this course is to review application of nanoscience and nanotechnology in various fields such as electron and optical signal processing, memory, medicine, environmental and atomospheric monitoring and treatment, as well as discussion of possible future applications. The course will include lectures by specialists as well as by students.Students are required to present a topic based on the current literature in a lecture and a comprehensive report

648003 - Characterization methods in nanosciences and nanotechnology ( 2,5 credits)

The course will cover characterization methods with emphasis on small scale and  biological materials - light, electron and surface microscopy and spectroscopy,  and radiation scattering. scanning electron microscopy-formation of images by  secondary electrons and back scattered electrons, high resolution, composition  anaysis by energy dispersive x-ray spectroscopy. Transmission electron microscopy - image formation by diffraction and phase contrast, defects analysis,  composition analysis by electron energy loss spectroscopy.  X-ray diffraction - phase analysis. Low angels. Depth composition profiles by  auger electron and x-ray spectrosopies. Chemical bond analysis by Fourier  transformed infra-red spectroscopy

 648004 - Transport phenomena on the nanometric scale – (3 credits)

The formation and function of nanometric scale synthetic and natural systems  depends on flow and transport phenomena on length scales where the mean free  path is on the order of the system dimension. On this scale the basic laws of  continuous systems (such as the Navier-Stokes, Fick and Fourier equations) may not be strictly valid. The objective of this course is to present the physical  principles and the methods of calculation and simulation of transport phenomena  on small scales and short times. The course will include the following topics:  distribution functions, kinetic theory, boltzmann transport equation, ballistic  diffusion, heat transfer in thin films, radiation in nanostructures.  Viscous flow in confined geometry and on heterogeneous surfaces, non-newtonian  liquids and micro-gels. flow and motility at low reynolds number.  Thermomelectric effects in nanostrucures, simulation methods, lattice dynamics,  monte-carlo, etc.

648005 - From nanobiology to nanotechnology –  (2 credits)

Nano-scale biological mechanisms as model and inspiration for nanotechnology.  Lectures will be given on the biological mechanisms and discussion groups will  be held on the possibiligies for application of the biological principles to  synthetic systems in nanotechnology. (1) the molecular motor toolbox for  intracellular transport. (2) force and motion generation of myosin motors:  muscle contraction (3) ion driven flagellar motors.

648006 - Nanoscience & Nanotechnology Lab (3 credits)

Synthesis of nanoparticles and colloids (metallic, semiconductors and ceramic); conductive polymers. polyelectrolyte-amphiphile complexex (dna-lipoplexes). Atomic force microscopy, scanning tunneling microscopy. Scanning and transmission electron microscopy, particle size,  distribution-dynamic light scattering. small-angle x-ray scattering. Photoluminescence of nanoparticles. Mass spectrometry of large molecules 

046233 - Nanotechnology Lab (3 credits)

 First part : to practice several molecular biology techniques such as: gel electrophoresis, gene hybridization, use of restriction enzymes, gene amplification, using PCR and gene cloning.  Building a bio-automata – a biological computation device built specifically to answer a computational question. Oral presentations reviewing a current article in the area of nanobiology will be given by the students.  

Second part : to fabricate and characterize organic-based electro-optical devices : organic field-effect transistor (OFET) by gaining hands-on experience with key process steps required for fabrication of the OFET. Use of the OFET to perform standard electrical measurements, and to extract the OFET's typical parameters.  Fabrication and characterization of two common OFET architectures. Application of similar work procedures for the fabrication and characterization of organic light-emitting diodes (OLED).

056389 - Transport phenomena in microflows - (2 credits)

Transport phenomena in miniaturized engineering systems. Subjects: flow, convection, mixing and dispersion in microchannels, interfacial  flows, electrokinetic phenomena and their applications, stability of thin liquid films.

William Marsh Rice University
Rice University : teaching and research Program

The Erasmus Mundus students will mainly engage in research on an independent project in one of the laboratories affiliated with LANP. The projects will be either experimental involving nanoparticle enhanced spectroscopy/ imaging or theoretical modelling and simulations using different analytical and numerical methods. The experimental projects will involve training in the use of scanning electron microscopes (SEM), atomic force microscopes (AFM), microRaman systems, and other optical spectroscopic equipment pertainent to the project assigned to the student. The students involved in theoretical projects will have access to world class super computing facilities on campus. In addition to the research component the students will be offered several specialized courses developed for training graduate students in the latest most innovative techniques in nanophotonics.

ELEC 603 - TOPICS IN NANOPHOTONICS (3 credits) :This course is a seminar where all LANP students and their advisors meet to discuss research problems both in formal presentations and in an informal "open-mic" session. This course also includes a Nanophotonics journal club featuring just-published papers. All IGERT students will be enrolled in this seminar throughout the course of their graduate study. The course is offered every semester and also meets during summer. The course is supervised by Dr. Halas, Dr. Nordlander, Dr. Bruce Johnson, Dr. Jason Hafner
05/PHYS 605 - COMPUTATIONAL ELECTRODYNAMICS AND NANOPHOTONICS (3 credits): This is an advanced graduate course that is a pedagogical introduction to computational methods. Some of the topics covered are Mie and generalized Mie scattering, Finite Difference Time Domaim method, Finite Difference Frequency Domain method, Discrete Dipole Approximation. Finite Element Method, Greens function Method and COMSOL. Other topics of interest can included depending upon class consensus. The class is taught by Prof. Nordlander.

ELEC 571 - IMAGING AT THE NANOSCALE (3 credits): A survey of the techniques used in imaging submicron and nanometer structures with an emphasis on applications in chemistry, physics, biology, and materials science. The course includes an introduction to scanning probe microscopy and single photon counting including STM, AFM, NSOM, and confocal microscopy, as well as discussions on the fundamental and practical aspects of image acquisition, analysis, and artifacts. The class is taught by  Prof. K. Kelly.

PHYS 539 - CHARACTERIZATION AND FABRICATION AT THE NANOSCALE  (3 credits) 

Introduction to study and creation of nanoscale structures, emphasizing relevant physical principles. Techniques covered include optical, X-ray, electron-based and scanned-probe characterization, as well as patterning, deposition and removal of material. Taught by Prof. D. Natelson 

 BIOE 585 - NANOBIOPHOTONICS (3 credits) : This course will explore the biological and biomedical applications of nanophotonic materials. The course will include a lecture-based component which (1) reviews relevant optical principles, (2) describes current optical spectroscopy and imaging approaches, (3) discusses fabrication, characterization, optical properties, and strategies for molecular targeting of nanomaterials, and (4) summarizes emerging applications of nanophotonics in biotechnology. In an accompanying lab component, the student will gain practical experience in optical spectroscopy and imaging of nanomaterials in relevant model biological systems. The class is taught by Prof. Drezek.

The research projects assigned to individual students at Rice University will be individually discussed with the students and their European supervisors to enhance the training they receive before coming to Rice. A variety of research projects maybe offered to the students depending upon their background. It is envisioned that the research projects may include 

- Synthesis of metallodielectric nanoparticles such as nanoshells, nanorice (elongated core shell particles), non concentric core shell particles, nanobowties with electromigrated gaps, nanostar and bipyrimidical shaped particles for surface enhanced Raman (SERS), surface enhance fluorescence (SEF), surface enhanced absorption (SEIRA)spectroscopies. The nanostar, and gold bipyrimids for single molecule sensing experiments.

- The nanobowties with electromigrated gaps can be used for conductance studies of various molecules in the nanogaps, and single molecules SERS.

- Nanoshell and quantum dots based novel optical imaging techniques to assess tissue pathology. Projects in which design, prototyping and testing of optical tools for monitoring of optical signatures of malignancies in tissue are envisioned.

- Biosensing using various nanoparticles. Studying binding kinetics using surface plasmon resonance sensing to detect single molecule events.

- Theoretical modelling and simulations using Plasmon Hybridization, Finite Difference Time Domain (FDTD), and COMSOL to study the optical properties of the various nanoparticles synthesized in the LANP collaborations. The theoretical studies are usually closely tied to the other experimental investigations in LANP. This forms a highly synergistic collaboration and leads to deeper understanding of the experimental studies.
