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ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME 

UNIT TITLE:

Mass Spectroscopy

UNIT CODE:

ASC 01

ECTS CREDITS:
5 Credits

PREREQUISITES:
Eurobachelor in chemistry or equivalent

COURSE DESCRIPTION:  (Prof. J. Silberring) The course covers all aspects of molecular mass spectrometry including the most recent developments in instrumental design, techniques and understanding of mass spectral processes. The methods, including hyphenated ones (GC-MS and LC-MS), available for the introduction of analytical samples are presented. Ionisation by means of electron bombardment (EI), chemical ionisation (CI), fast atom bombardment (FAB), electrospray (ESI), matrix assisted laser desorption ionisation (MALDI) among others, are described and the advantages and disadvantages of these methods considered. The different types of mass analysers, sector-field, quadropole, ion-trap, time of flight, ion cyclotron resonance mass spectrometry, their working principles and performances are discussed. The ways in which fragmentation, including post-source decay and MS/MS, can be used to obtain structural information are illuminated. Current software tools for data-dependent analysis and on-line techniques are described. Examples are presented of the application of mass spectrometric techniques in different areas of chemistry (organic synthesis and analysis, production control, toxicology, environmental sciences and biochemistry).

AIMS:
  

The aims of this unit are:

· To build upon and extend the theoretical and instrumental concepts introduced during the bachelor degree programme.

· To develop the competence and confidence of the students in mass spectrometry.

· To highlight modern advances in instrumentation and techniques within mass spectrometry.

· To identify appropriate instrumentation for particular applications.

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to:

· Discuss in a comprehensive way the methods available for the introduction of samples to a mass spectrometer

· Identify methods for ionisation and their advantages and disadvantages.

· Review critically the available types of mass analysers.

· Discuss the use of software in obtaining and analysing mass spectral data.

· Identify the most suitable instrumentation for specific applications and describe the extent and limitations of the data obtained.

· Interpret mass spectral data and present the conclusions drawn in written and oral form.

· Explain to non-specialists how mass spectrometry can be expected to provide valuable information in different areas of chemistry and related disciplines.

TEACHING AND LEARNING ACTIVITIES:

Lectures and colloquia:  50 hours

Student centred learning:  75 hours

Total student effort: 125 hours

ASSESSMENT:

Examination on completion of teaching period: written or oral (weighting 100%)

BIBLIOGRAPHY:

Mass Spectrometry, Principles and Applications, E. de Hoffmann and V. Stroobant, Wiley, Chichester, 2001.  

ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE:

Magnetic Resonance Spectroscopy

UNIT CODE:

ASC 02

ECTS CREDITS:
7.5 Credits 

PREREQUISITES:
Eurobachelor in chemistry or equivalent

COURSE DESCRIPTION: (Dr hab. B.Rys)
After a repetition of the basics of 1D NMR spectroscopy the principles of 2D NMR will be explained and in part described mathematically. The main part of the lecture course is the description of different 2D NMR methods for structural elucidation, such as J-resolved spectroscopy, COSY, H,C correlation (HMQC, HMBC) as well as NOESY, TOCSY and ROESY. Finally also 2D INADEQUATE and 2D ADEQUATE will be discussed. The ESR part of the course will cover the electron-Zeeman interaction, Electron-spin nuclear-spin interaction, determination of isotropic and anisotropic parameters, spectra of solutions, single-crystals and powder samples. Furthermore Electron-Nuclear-Double-Resonance (ENDOR) and related techniques will be discussed.

The theoretical lectures of the course are accompanied by practical demonstrations, where the 2D NMR techniques and key experiments of ESR are shown to students in small groups. Lecture hours are accompanied by a homework assignment. The practical demonstrations yield a set of spectra for a somewhat more difficult compound. This structure has to be elucidated and a written protocol is required. A final written test will be performed at the end of the lecture course.

AIMS:
  

The aims of this unit are:

· To build upon and extend the theoretical and instrumental concepts of Magnetic resonance introduced during the bachelor degree programme.

· To develop the competence and confidence of the students applying Magnetic Resonance towards structural elucidation

· To highlight modern advances in instrumentation and techniques within NMR and ESR.

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to:

· Understand in a comprehensive way the pulse programs for 2D NMR spectroscopy 

· Firm knowledge of NMR and ESR instrumentation, their hard- and software

· Identify and apply methods for structural elucidation in chemistry

· Interpret 2D NMR spectral data and present the conclusions drawn in written and oral form

TEACHING AND LEARNING ACTIVITIES:

Lectures and colloquia:  70 hours

Student centred learning: 120  hours

Total student effort: 190 hours

ASSESSMENT:

Written protocol with the correct structural elucidation for the given sample (25%). Written final examination (75%)

BIBLIOGRAPHY:

1. Jeremy K. Sanders, Brian K. Hunter
Modern NMR Spectroscopy, a guide for Chemists, Oxford University Press 1993
2. Stefan Berger, Siegmar Braun

200 and More NMR Experiments, Wiley-VCH, 2004

3. John A. Weil, James R. Bolton, John E. Wertz 
Electron Paramagnetic Resonance: Elementary Theory and Practical Applications, John Wiley 1994
ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNITE TITLE:                     Optical spectroscopy 

UNITE CODE:                     ASC 03

ECTS CREDITS:                  7.5 Credits 

PREREQUISITES:                Eurobachelor in chemistry or equivalent  

COURSE DESCRIPTION (Prof. J. Najbar) The course covers the basic aspects of optical spectroscopy including the most important developments in experimental techniques and understanding of interaction between atomic, molecular, macromolecular, polymer or crystalline samples and electromagnetic radiation. The hyphenated techniques applied to solve structural and dynamic problems in chemistry, biology and material science are presented, together with the quantitative aspect. The course includes emission, absorption, light scattering processes and photoelectron spectroscopy. Different methods of sample preparation in gas, liquid and solid phases are considered and some typical experimental procedures (e.g. low temperature matrix isolation, seeded supersonic molecular beams, quantum droplets, plasma discharge, laser evaporation and adsorption at interfaces) are described. Spectroscopic techniques covering microwave, infrared, visible, ultraviolet and vacuum ultraviolet radiation are presented including those using synchrotron radiation, laser radiation. Signal detection methods using absorption of light, luminescence, thermal lensing, photoacoustic effect and photoionization are presented. Time domain and frequency domain methods in optical spectroscopy are discussed. Recent developments in optical spectroscopy of transient species including step-scan and rapid-scan methods together with advances in ultrafast laser spectroscopy and femtochemistry are presented. Microscopic techniques for exploring the chemistry of mesoscopic and nanoscopic objects are also discussed. Typical applications of particular optical spectroscopic techniques in different areas of chemistry, biochemistry, physics, astrophysics, medicine, environmental and forensic sciences are used as examples. 

AIMS:

The aims of this unit are:


To build upon and extend the theoretical and experimental approaches introduced during the bachelor degree programme.


To develop the competence and confidence of the students in optical spectroscopy. 


To highlight modern advances in instrumentation and techniques in optical spectroscopy and their specific applications. 

To identify appropriate experimental procedures and spectroscopic methods for particular applications.

INTENDED LEARNING OUTCOMES: 

After completing this unit the student should be able to: 

 Discuss in a comprehensive way the methods of sample definition and handling problems encountered in absorption and emission spectroscopy. 

Critically evaluate applicability of specific spectroscopic techniques to solve particular structural problem. 

Review the available types of the optical spectrometers and methods of the detection of electromagnetic radiation. 

Interpret the results of spectral data and present the conclusions in written and oral form .

Explain to non-specialists how different methods in optical spectroscopy can provide valuable information in chemistry, biology, astrophysics, medical and environmental sciences.

TEACHING AND LEARNING ACTIVITIES: 

Lectures, workshops and colloquia:               70 hours 

Student centred learning:                             120 hours

Total student effort                                        190 hours

ASSESSMENT: Examinations on completion of teaching period: written or oral. 

BIBLIOGRAPHY: 

J. M. Hollas, High Resolution Spectroscopy. Second Edition, John Wiley & Sons, Chichester, 1998

D.L.Andrews(Ed)  Perspectives in Modern Chemical Spectroscopy, Springer-Verlag, Berlin, 1990

F.C.DeSchryver, S.De Feyter, G.Schweitzer(Eds), Femtochemistry, Wiley-VCH, Weinheim, 2001 

J.R.Lakowicz, Principles of Fluorescence Spectroscopy, Second Edition, Kluwer Academic/Plenum Publishers, New York, 1999 

H. Abramczyk, Introduction to Laser Spectroscopy, Elsevier, 2005 

ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME 

UNIT TITLE:

X ray diffraction 

UNIT CODE:

ASC 04- semester I.

ECTS CREDITS:
5 Credits

PREREQUISITES:
Eurobachelor in chemistry or equivalent. 

COURSE DESCRIPTION: (Dr hab. K. Stadnicka)

Interactions X rays –matter; neutrons–matter and electrons- matter; X ray, synchrotron , neutron sources.

From crystal lattice to crystal symmetry: symmetry elements, crystallographic point groups, symmetry classes; internal structure of crystalline matter; space groups.

X ray diffraction by crystalline matter ( structure factors; direct and reciprocal lattices)

X ray powder diffraction methods: interest and specificity of Debye Scherrer and Bragg-Brentano ((-(, (-2() configurations.

Basics of Powder diffraction and Pdf data base.

Structure determination methods (powder): data extraction; the Rietveld method; Monte Carlo and simulated annealing methods. Peak shape related influences and information: grain size and micro-strain analyses. 
AIMS:
  

The aims of this unit are:

· To develop the competence of the students applying diffraction techniques towards structural elucidation

· To highlight modern advances in XRD instrumentation and techniques.

· .when to use and how to get access to these techniques.

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to cope with:


 structural problems in ordered solid state.


 Phase identification problems in:



 crystalline powders: single phase / polyphasic materials;



 glass ceramics.


 Solid solutions characterization.
.
TEACHING AND LEARNING ACTIVITIES:

Lectures and laboratory: 50 hours

Student centred learning: 75 hours

Total student effort: 125 hours

ASSESSMENT:

Written protocol with the correct structural elucidation for a given sample (25%). Written final examination (75%).

BIBLIOGRAPHY:.

Diffraction structure from powder diffraction data. David, Shankland, Mc Cusker, Baerlocher. Oxford Science Publication.

Defect and microstructure analysis by diffraction. Synder, Fiala, Bunge. Oxford Science Publication.

.Solid State Chemistry and its applications. A.R. West- John Wiley and Sons.

 

ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: Theoretical basis of optical spectroscopy (Prof. Piotr Petelenz – Dr. Andrzej Eilmes)

UNIT CODE:
ASC 06 – Kr (semester II) 
ECTS CREDITS:
5 Credits 
PREREQUISITES:
ASC 1 to 4  (semester I)

COURSE DESCRIPTION: 

The course presents the theoretical background necessary to understand the optical spectroscopies. It starts from the time-dependent Schrödinger equation, which is subsequently solved by time-dependent perturbation theory, with special emphasis on the case of periodic perturbation. Transition probability per unit time is derived (Fermi Golden Rule), and discussed in some detail for the first order of perturbation theory within the dipole approximation (absorption/emission spectroscopy). The selection rules are derived for the rotational, vibrational and electronic transitions (also combinations thereof) in a diatomic molecule. The treatment is generalized for polyatomic molecules, with emphasis on the role of normal vibrational modes in IR and UV/Vis spectroscopy (including vibronic structure of allowed and forbidden electronic transitions). Radiationless transitions are explained in the context of adiabatic approximation and limits of its applicability. Raman and Rayleigh scattering are discussed based on the second-order perturbational result for transition probability; higher orders of perturbation theory are mentioned in the context of nonlinear optical phenomena. Some consequences of symmetry in spectroscopy are shown. To this end, the basic concepts of group theory are recalled, such as reducible and irreducible representations, characters and character orthogonality theorem, decomposition of a reducible representation into irreducible representations. Applications of group theory for IR, Raman and electronic spectroscopy are illustrated on specific examples of molecular structure determination based on spectroscopic information.

Objective of the course 

The aims of this unit are:

· To present the theoretical background of spectroscopy as a consequence of the quantum mechanical principles introduced during the bachelor degree programme

· To develop the understanding of the physics underlying the probing of matter by radiation

· To identify the limits of validity of the underlying approximations

· To highlight the general usefulness of group theory in spectroscopic interpretations.

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to:

· Discuss in a comprehensive way the approximations underlying the selection rules of absorption/emission/Raman spectroscopy, and the limits of their validity

· Identify the potential conceptual pitfalls and review critically the resultant interpretational errors

· Outline the salient steps of extending the treatment to cover non-linear optical phenomena

· Competently apply group theory for interpretation of individual spectra and for spectroscopy-based structural research.

TEACHING AND LEARNING ACTIVITIES:

	Term
	Name 
	L
	S/E
	P

	2
	Theoretical basis of optical spectroscopy
	50
	
	


Student centered learning: 75 hours; Total student effort: 125 hours

Recommended READING:

L.I.Schiff, Quantum Mechanics, McGraw-Hill, New York 1968

P.W.Atkins, Molecular Quantum Mechanics, Oxford University Press 1992

F.A.Cotton, Chemical Applications of Group Theory, Wiley, New York 1990

P.Jacobs, Group Theory with Applications in Chemical Physics, Cambridge University Press 2004.

langage of INSTRUCTION: English

SCHEDULE AND LEARNING METHOD:

	weeks
	type
	Duration
	Course description

	1-2
	L
	7
	Theoretical background

	3-4
	L
	6
	Selection rules for diatomic molecules

	5-8
	L
	12
	Spectroscopy of polyatomic molecules

	9
	L
	4
	Radiationless transitions

	10-11
	L
	5
	Raman and Rayleigh scattering

	11
	L
	2
	Nonlinear optical phenomena

	12-13
	L
	5
	Basic concepts of group theory

	13-15
	L
	9
	Applications of group theory


ASSESSMENT:

Examination on completion of teaching period: written or oral (weighting 100%).

TEACHING STAFF: 

Prof. Piotr Petelenz, Dr Andrzej Eilmes



ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: Experimental Methods in Inorganic Chemistry

 (Prof. G. Stochel, Prof. Z. Sojka, Prof. J. Datka, DSr. Hab. A. Kotarba, Dr. W. Macyk)
UNIT CODE:
ASC 09 – Kr (2 term) 
ECTS CREDITS:
5 Credits 
PREREQUISITES:
ASC 01 – 04
COURSE DESCRIPTION: Current techniques used for the characterisation of solids are described:

In this module the students are introduced to structure elucidation and characterization techniques of inorganic materials (phase analysis and grain size determination, morphology and nanostructure imaging, surface area and porosity measurements, characterization of electronic and magnetic structure, determination of valence, coordination and spin states, acid-base and oxidation properties), complemented by reactivity studies in stationary and transient regimes (mechanistic studies, reaction networks, active sites, reaction intermediates). The principles of data processing and analysis are also explained. The selection of methods includes IR, EPR, RS, UV-VIS, fluorescence spectroscopy, temperature programmed techniques (TPD, TPR, TPSR, TGA, DSC), SEM/TEM microscopy and electrochemical methods.

Objective of the course 

The aims of this unit are:

· to develop the competence of students in the application of modern experimental methods in the studies of inorganic materials and reaction mechanisms.

· to identify appropriate experimental techniques and procedures for particular applications.
INTENDED LEARNING OUTCOMES:

After completing this unit students should be able to:

· propose an appropriate method to solve particular structural problem

· propose an appropriate experimental setup to obtain desirable information on inorganic materials

· interpret the results of spectroscopic studies and present the results in the written and oral forms.

TEACHING AND LEARNING ACTIVITIES:

	Term
	Name 
	L
	S/E
	P

	3
	Experimental Methods in Inorganic Chemistry
	30
	30
	


Student centered learning: 70 hours; Total student effort: 130 hours

Recommended READING:

P.T. Kissinger, W.R. Heineman (eds.) „Laboratory Techniques in Electroanalytical Chemistry“Marcel Dekker, New York, 1984.

A.K. Brisdon “Inorganic Spectroscopic Methods” Oxford University Press, Oxford 1998

W. Niemanstverdriet “Spectroscopy in Catalysis. An Introduction”, VCH, Weinheim 1993.

langage of INSTRUCTION: English

SCHEDULE AND LEARNING METHOD:

	week
	type
	Duration
	Course description

	1
	L

P
	1

1
	survey of experimental techniques used in Inorganic Chemistry - Probst diagram

	1-3

1-3
	L

P 
	5

5
	analysis of highly divided and porous solids, determination of grain size and size dispersion, surface area and texture measurements, (XRD, BET, Hg-porosimetry, sorption methods) 



	3-5


	L

P
	4

4
	morphology and structure imaging methods(SEM,TEM, AFM/STM)

	6-8


	L

P
	6

6
	elucidation of electronic, magnetic and optical properties, crystal field theory, spin states and spin coupling, magnetic order (UV-vis spectroscopy, luminescence, IR and Raman, EPR, susceptibility measurements, electric conductivity and electrochemical methods 

	9-10
	L

P
	4

4
	experimental methods for reactivity studies-gas/solid (stationary and transient methods)

	11-12
	L

P
	4

4
	temperature programmed techniques (TPD, TPR/O, TPSR)

	13-15
	L

P
	6

6
	experimental methods for reactivity studies-liquid phase


ASSESSMENT:

Test examination (60%); oral presentation of two topics (40%). 

TEACHING STAFF: Prof. G. Stochel, Prof. Z. Sojka, Prof. J. Datka, Dr. hab. A. Kotarba, Dr. W. Macyk



ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: Quantum-Chemical Molecular Modelling   (Dr Artur Michalak)


UNIT CODE:
ASC-10-KR  (semester I) 
ECTS CREDITS:
5 Credits 
PREREQUISITES:
ASC 1 to 5 (semester I), basic course of quantum chemistry

COURSE DESCRIPTION: 

The course covers practical aspects of molecular modelling with quantum-chemical methods.  The lectures and practical exercises (computer lab) cover the following topics: using quantum chemical software – general rules; input data for quantum chemical calculations; available software;  Born-Oppenheimer approximation; potential energy surface (PES), stationary points on PES; Practical aspects of geometry optimization of molecular systems; optimization of minima (reactants, products) and saddle points (transition states); reaction paths on PES; Commonly used computational methods; variational and perturbational methods; Hartree-Fock method (HF); restricted and unrestricted HF (RHF and UHF); ab initio and semiempirical methods;  basis sets in ab initio calculations;  molecular orbitals, electron density, population and bond-order analysis; visualisation methods;  chemical bond;  differential density (deformation density); delocalized and localized orbitals; localization methods; vibrational analysis; normal modes; electron correlation; configuration interaction methos (CI), Moller-Plesset perturbational method (MP); Density functional theory (DFT) and Kohn-Sham (KS) method; practical aspects of DFT calculations; exchange-correlation functional choice; modeling of large systems; hybrid methods (QMMM); solvent effects; continuum models; chemical reactivity; single- and two reactant reactivity indices; interaction energy partitioning methods; modelling the elementary reactions of complex processes; thermodynamic properties; free-energy of chemical reactions; ab initio molecular dynamics approaches. 

Objective of the course 

· To build upon and extend the theoretical concepts introduced during the bachelor degree programme.

· To develop the competence and confidence of the students in performing quantum-chemical calculations and interpreting their results.

· To highlight modern methods of computational chemistry

· To identify appropriate method for particular applications.

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to:

· Choose and apply the appropriate computational method to a given problem;

· Discuss in a comprehensive way the basic theoretical background of various computational methods and their applicability to various problems;

· Estimate the degree of reliability of the results;

· Explain to a non-specialists how computational quantum chemistry can be expected to provide valuable information in different areas of chemistry and related disciplines;

TEACHING AND LEARNING ACTIVITIES:

	Term
	Name 
	L
	S/E
	P

	1
	Quantum-Chemical Molecular Modelling
	30
	0
	60


Student centered learning: 45 hours; Total student effort: 135 hours

Recommended READING:

(i) web page of the course; (ii) selected articles from scientific journals; (iii) F. Jensen, Introduction to Computational Chemistry, Wiley, 1999; (iv) W. Koch, M.C. Holthausen, A Chemist's Guide to Density Functional Theory, Wiley, 2001; (v) A.R. Leach, Molecular Modeling. Principles and Applications. Pearson Education 2001; (vi) Encyclopedia of Computational Chemistry. Wiley, 1998. (selected articles)  

RECOMMENDED WEBSITES:

http://www.chemia.uj.edu.pl/~michalak/mmod

langage of INSTRUCTION: English

SCHEDULE AND LEARNING METHOD:

	week
	type
	Duration
	Course description

	1
	L
	6
	Basics ideas of quantum chemistry; review of the methods, input/output for/from quantum chemical calculatains; basis sets in ab initio calculations

	2
	L  
	4
	Geometry optimization; 

	2
	P 
	2
	Running simple ab initio calculations

	3
	L
	2
	Conformational analysis, the global minimum problem

	3
	P
	4
	Geometry optimization and interpretation of results of ab initio calculations

	4
	L
	2
	Electronic structure description; population analysis and bond-orders

	4
	P
	4
	Complex geometry optimizations and conformational analysis 

	5
	L
	2
	Molecular orbitals; chemical bond – description and and visualization

	5
	P
	4
	The global minimum problem

	6
	L
	2
	Vibrational analysis, determination thermodynamical properties

	6
	P
	4
	Molecular orbitals – interpretation and visualization

	7
	L
	2
	Modeling chemical reactions, transition state optimization, reactivity indices

	7
	P
	4
	Electron density, deformation density and localized orbitals

	8
	L
	2
	Modeling of complex chemical processes – examples from catalysis

	8
	P
	4
	Structure and bonding – complex examples

	9
	L
	2
	Molecular spectroscopy from ab initio calculations

	9
	P
	4
	Vibrational analysis and thermochemistry

	10
	L
	2
	Advanced methods for electron correlation 

	10
	P
	4
	Molecular spectroscopy from ab initio calculations

	11
	L
	2
	Molecular dynamics

	11
	P
	4
	Reactivity indices

	12
	L
	2
	Modeling large systems; hybrid (QM/MM)methods; solvation models, 

	12
	P
	4
	TS optimization

	13
	P
	6
	Structure, bonding, and reactivity complex examples

	14
	P
	6
	MP2 and CI, ionization potential and electron affinity

	15
	P
	6
	Solvent effects, hybrid methods


ASSESSMENT:

Test (50%), and practicals evaluation (50%).

TEACHING STAFF: Dr. Artur Michalak, Dr. Mariusz Mitoraj, Monika Srebro



ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: Multivariate Analysis in Chemistry (Prof. dr hab Andrzej Parczewski, Dr hab. Andrzej M. Turek)


UNIT CODE:
ASC 12-KR (semester II) 
ECTS CREDITS:
5 Credits 
PREREQUISITES:
Eurobachelor in chemistry or equivalent 

COURSE DESCRIPTION: Multivariate analysis in chemistry.

PART I: Chemometrics and biometrics:  Prof. A. Parczewski
Statistical treatment of experimental data. Introduction to mathematical modeling of processes. Empirical modeling. Linear models: determination of the model parameters and the corresponding variance-covariance matrix, model adequacy testing. Nonlinear models. Design of experiments. Optimization methods: single factor, gradient, simplex, Monte Carlo, Genetic Algorithm. Statistical treatment of multidimensional data. Introduction to the Principal Component Analysis (PCA) and Factor Analysis (FA), Cluster Analysis (CA), Pattern Recognition methods, Artificial Neural Networks (ANN), and other chemometric and biometric methods.  

PART II: Factor analysis in chemistry:  Dr hab. A. M. Turek
Theoretical aspects and practical applications of Singular Value Decomposition (SVD), Target Factor Analysis (TFA), Evolutionary Rank Analysis (ERA), non-factor algorithms of spectral analysis (OPA and SIMPLISMA), ordinary and Generalized Rank Annihilation Factor Analyses (RAFA and GRAFA). Comparison between physically constrained and unconstrained methods of factor analysis curve resolution. Regression models for two-way two-block data analysis: Multiple Linear Regression (MLR), Principal Component Regression (PCR) and Partial Least Squares (PLS) regression, non-quantitative and Quantitative Structure-Activity Relationships (SAR and QSAR), multimode factor analysis including 3DRAFA, Alternating Least Squares Multiple Component Resolution (ALS-MCR), the Tucker models and Parallel Factor Analysis (PARAFAC). 

Objective of the course 

The aims of this unit are:

· To get the student acquainted with the statistical methods of evaluation and processing of various chemical data.

· To  teach the student how to construct the models of multivariate chemical processes.
· To show the student how to extract from the measured spectroscopic data the quantitative relationships. 
INTENDED LEARNING OUTCOMES:

After completing this course the student should be able to propose and apply different data processing methods in order to retrieve the valuable information from the experimental data.
TEACHING AND LEARNING ACTIVITIES:

	Term
	Name 
	L
	S/E
	P

	2
	Multivariate Analysis in Chemistry
	30
	
	15

	
	Part I :   Chemometry and Biometry
	15
	
	6

	
	Part II :  Factor Analysis in

                Chemistry
	15
	
	9


Student centred learning: 80 hours; total student effort: 125 hours

Recommended READING:

Handbook of Chemometrics and Qualimetrics. Vol 20 A and B: D. L. Massart, B. Vandeginste, L. Buydens, 

S. De Jong, P. Lewi and Smeyers-Verbeke, (1998), Edition: Elsevier.

Factor Analysis in Chemistry, E. R. Malinowski, (2002) 3rd Edition: John Wiley and Sons.

Multi-way Analysis., A. Smilde, R. Bro, P. Geladi, (2004), Edition: John Wiley and Sons.

Chemometrics in Spectroscopy,  H. Mark, J. Workman J., Jr., (2007) Edition: Elsevier Inc.

K. Danzer, Analytical Chemistry. Theoretical and Methodological Fundamentals, (2007), Springer.

K. Danzer, H. Hobert, C. Fischbacher, K.-U. Jagemann, Chemometrik. Grundlagen und Anwendungen, (2001), Springer.

RECOMMENDED WEBSITES:

langage of INSTRUCTION: English

SCHEDULE AND LEARNING METHOD:

Part I: Chemometrics and Biometrics

	Week
	Type
	Duration
	Course description

	1
	L
	1
	The ideas and methods of statistics employed in experimental data handling: general population and sample; estimation of parameters of a random variable distribution; expected (mean) values of random variable functions.

	2
	L  
	1
	Uncertainty of measurement data; confidence interval for μ. Distribution of the Student’s t , χ2 and F variables. 

	3
	L
	1
	Testing of statistical hypotheses; a general idea and applications.

	4
	L
	1
	Statistical dependence between random variables; covariance, correlation coefficient and determination coefficient; information redundancy. 

	5
	L
	1
	Empirical (statistical) modelling. Determination of regression coefficients in linear models. Variance-covariance matrix for regression coefficients. 

	6
	L

P
	1

3
	Design of experiments. Optimisation of processes in chemistry. Optimisation strategies – a general review. 

	7
	L
	1
	Optimisation methods: single factor, gradient, simplex, Monte Carlo, Genetic Algorithm. 

	8
	L
	1
	Chemometric treatment of multidimensional data. Data matrix and its transformation. Examination of  data structure.

	9
	L
	1
	Measures of similarity between objects and between variables (features).

	10
	L
	1
	Cluster Analysis (CA): strategies of clustering. Dendrogram as a means of clusters presentations.

	11
	L

P
	1

3
	Examples of CA application in analytical chemistry, interpretation of environment monitoring data and profiling of drugs.

	12
	L
	1
	Principal Component Analysis (PCA); an idea of the approach.

	13
	L
	1
	Examples of PCA application; comparison with CA.

	14
	L
	1
	Pattern Recognition (PR) approaches; an overview. 

	15
	L
	1
	Artificial Neural Networks (ANN) and other methods of multidimensional data analysis (brief review).


Part II: Factor Analysis in Chemistry 

	week
	type
	Duration
	Course description

	1
	L
	1
	Historical outline. Notation and elementary operations.

	2
	L 
	1
	Examples of  factor analysis on non-chemical correlation matrices.

	3
	L

P
	1

3
	Target factor analysis (TFA) and generalized method of standard addition.

Spectrophotometric quantification of three-component system.

	4
	L
	1
	Evolutionary rank analysis (EFA, FSMW-EFA, HELP with LPGs, one-way and two-way-ETA, cookie-cutter method)..

	5
	L
	3
	Non-factor analysis of spectral data (OPA and SIMPLISMA)

	6
	L


	1


	Rank annihilation factor analysis (RAFA and RAEFA)

	7
	L
	1
	Generalized rank annihilation factor analysis (GRAFA).

	8
	L
	1
	Direct exponential curve resolution algorithm (DECRA).

	9
	L

P
	1

3
	Comparison of physically constrained and unconstrained methods of factor analysis (PCA-SM-SV versus Kubista’s approach).

Resolution of two-component fluorescence spectra.

	10
	L


	1
	Multimode factor analysis: Three dimensional rank annihilation factor analysis (3DRAFA) and alternating least squares multiple component resolution (ALS-MCR).

	11
	L
	1
	Regression models for two-way two-block data analysis: Multiple linear regression (MLR).

	12
	L
	1
	Regression models for two-way two-block data analysis: Principal component regression (PCR) and partial least squares (PLS) regression..

	13
	L

P
	1

3
	Qualitative and quantitative structure activity relationship (SAR and QSAR).

QSAR for log CMC .

	14
	L
	1
	Multimode factor analysis: Tucker models.

	15
	L
	1


	Multimode factor analysis: Parallel factor analysis.


ASSESSMENT:

Examination on completion of teaching period: written or oral (weighting 100%).

TEACHING STAFF:  Prof. dr hab. Andrzej Parczewski, Dr hab. Andrzej M. Turek



ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: Photochemistry (Prof. M. Nowakowska, Dr. Mariusz Kępczyński, Dr. Krzysztof Szczubiałka, Prof. G. Stochel, Dr. Wojciech Macyk, Dr. Konrad Szaciłowski)


UNIT CODE:
ASC 14 – Kr (Free choice unit) 
ECTS CREDITS:
5 Credits
PREREQUISITES:
ASC 1 to 10

COURSE DESCRIPTION: This course deals with selected aspects and tools of modern photochemistry in solution and solid state. Combination of lectures with carefully selected practical exercises should give students good basic understanding of photochemical processes, their mechanisms and usefulness of photomaterials.

PART I: Inorganic photochemistry (Prof. G. Stochel, Dr. Wojciech Macyk, Dr. Konrad Szaciłowski) 

Fundamental photochemical laws. Techniques used in studies on mechanisms of photochemical reactions (continuous and flash photolysis, quantum yield measurements, photoelectrochemistry, spectroelectrochemistry). Photochemical reactions of coordination compounds. Mechanisms of selected photochemical processes (photoinduced charge and energy transfer, photosensitization, photocatalysis and others) in biology, medicine, environmental protection, industry. Semiconductor photocatalysis.
PART II: Photoactive polymers and antenna systems (Prof. M. Nowakowska, Dr. Mariusz Kępczyński, Dr. Krzysztof Szczubiałka) 

The photochemical reactivity of microheterogeneous systems. Applications as light harvesting and antenna systems, photocatalytic centers useful in environmental protection and medicine, photomaterials, etc. Photoreactions in synthetic polymers and biopolymers. Photopolymerization: photoinitiators and mechanism. Application of photopolymerization. Cross-linking processes initiated by light. Photoactive polymers, negative and positive photoresists. Photolithography.

Objective of the course: 

The aims of this unit are:

· to demonstrate the application of spectroscopic and electrochemical methods in mechanistic studies of photochemical reactions

· to make students familiar with a broad variety of photochemical systems and their applications

INTENDED LEARNING OUTCOMES:

After completing this unit students should be able to propose a method suitable for mechanistic studies of a particular homogeneous or heterogeneous photochemical system as well as suggest the type of photomaterial for a specific application.

TEACHING AND LEARNING ACTIVITIES:

	Term
	Name 
	L
	S/E
	P

	3
	Photochemistry
	15
	
	45

	
	PART I: Inorganic photochemistry
	7
	
	23

	
	PART II: Photoactive polymers and antenna systems
	8
	
	22


Student centered learning: 70 hours; Total student effort: 130 hours

Recommended READING:

1. N. J. Turro, Modern Molecular Photochemistry, University Science Books, Mill Valley, California, 1991.

2. J. P. Simons, Photochemistry and Spectroscopy, Wiley, 1971.

3. J. E. Guillet, Polymer Photophysics and Photochemistry, Cambridge University Press, 1987.

4. K. Kalyanasundaram, Photochemistry in Microheterogeneous Systems, Academic Press, 1987.

5. J. G. Calvert, J. N. Pitts, Photochemistry, Wiley & Sons, New York, 1966.

6. N. Serpone, E. Pelizzetti (Eds.), Photocatalysis. Fundamentals and Applications, Wiley, New York, 1989.

7. A. L. Linsebigler, G. Lu, J. T. Yates Jr., Chem. Rev. 1995, 95, 735.

8. K. Szaciłowski, W. Macyk, A. Drzewiecka-Matuszek, M. Brindell, G. Stochel, Chem. Rev. 2005, 105, 2647.

langUage of INSTRUCTION: English

SCHEDULE AND LEARNING METHOD:

PART I: Inorganic photochemistry
	week
	type
	duration
	course description

	1
	L
	1
	Fundamental photochemical laws

	2
	L
	1
	Techniques used in photochemistry

	3
	P
	8
	Laser pulse photolysis in studies of mechanisms of photochemical reactions

	4
	L
	2
	Photochemical reactions of coordination compounds

	5
	L
	2
	Mechanisms of selected photochemical processes

	6
	P
	7
	Photosubstitution and photoredox reactions of nitrosyl complexes

	7
	L
	1
	Heterogeneous photocatalysis

	8
	P
	8
	Photoelectrochemistry of broad band-gap semiconductors


PART II: Photoactive polymers and antenna systems

	week
	type
	duration
	course description

	9
	L
	2
	Photochemistry in microheterogeneous systems, polymeric antenna and photocatalytic systems

	10
	L
	2
	Photoreactions in synthetic polymers and biopolymers

	11
	L
	2
	Photopolymerization,  photoinitiators and mechanism

	12
	L
	2
	Photocrosslinking processes. Photolithography.

	13
	P
	7
	Determination of the aggregation number of surfactants using fluorescence probe technique

	14
	P
	8
	Photochromism and solvatochromism 

	15
	P
	7
	Photoisomerization of chalcone


ASSESSMENT:

Test examination (70%) and practicals evaluation (30%).

TEACHING STAFF: Prof. M. Nowakowska, Dr. Mariusz Kępczyński, Dr. Krzysztof Szczubiałka, Prof. G. Stochel, Dr. Wojciech Macyk, Dr. Konrad Szaciłowski



ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: X-ray diffraction studies of biologically important molecules (Dr hab. Krzysztof Lewiński and prof. Barbara Oleksyn)
UNIT CODE:
ASC 16 (semester I) 

ECTS CREDITS:
5 Credits 
PREREQUISITES:       1 – 5 (I semester)

COURSE DESCRIPTION: X-ray diffraction studies of single crystals as a tool for structure determination of biologically important molecules is described:
Crystallization of small molecules and proteins: evaporation, diffusion, dialysis, preparation of crystals for diffraction experiments. Diffraction of X-rays by crystals: reciprocal space, structure factors, symmetry, single crystal diffractometer, data collection and processing. Structure determination and refinement methods for small molecules, interpretation of results, Cambridge Structural Database. Structure determination and refinement methods for proteins: molecular replacement, MIR, MAD refinement, simulated annealing method, analysis of Fourier maps. Structure validation, Protein Data Bank.

Objective of the course 

The aims of this unit are:

· to develop the competence of the student for using X-ray diffraction methods to determine structure of small molecules and proteins

· to highlight modern advances in diffraction methods

· to show the students  how the X-ray crystallography results can be applied in chemistry

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to cope with:

· problems in obtaining quality crystals

· identification of problems in crystal structure determination process

· application of structural data bases and literature in chemistry and biochemistry

TEACHING AND LEARNING ACTIVITIES:

Lectures and exercises: 50 hours

	Term
	Name 
	L
	S/E
	P

	2
	X-ray diffraction studies 
	14
	
	36


Student centered learning: 70 hours; Total student effort: 120 hours

Recommended READING:

Crystal Structure Analysis for Chemists and Biologists  Jenny P. Glusker, Mitchell Lewis, Miriam Rossi

Outline of Crystallography for Biologists. David Blow

RECOMMENDED WEBSITES:

www.iucr.org/cww-top/edu.index.html 

langage of INSTRUCTION: English

SCHEDULE AND LEARNING METHOD:

	Week
	Type
	Duration
	Course description

	1
	L
	2
	Crystallisation methods

	2
	L  
	2
	X-ray diffraction by single crystals

	3
	L
	2
	Structure determination – small molecules  

	4
	L
	2
	Structure refinement – small molecules

	5
	L
	2
	Structure determination – proteins

	6
	L
	2
	Structure refinement  and validation – proteins

	7
	L
	2
	Interpretation of results,  data bases

	8
	P
	6
	Crystallisation I

	9
	P
	6
	Crystallisation II

	10
	P
	6
	Data collection I

	11
	P
	6
	Data collection II

	12
	P
	6
	Structure determination and refinement

	13
	P
	6
	Structural data bases


ASSESSMENT:

Written protocol with the correct structural elucidation for a given problem (25%). Written final examination (75%)

TEACHING STAFF: Dr hab. Krzysztof Lewiński,  Prof. Barbara Oleksyn
ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: Forensic chemistry (Prof. Wojciech Piekoszewski, Prof . Paweł Kościelniak, Dr Katarzyna Madej, Dr Renata Wietecha-Posłuszny, Dr Michał Woźniakiewicz)


UNIT CODE:
ASC 17-Kr (semester 3) 
ECTS CREDITS:
5 Credits 
PREREQUISITES:
ASC 1 to 5 (semester I)

COURSE DESCRIPTION: 

PART I: Forensic toxicology: Prof. W. Piekoszewski, Dr K. Madej, Dr R. Wietecha Posłuszny
History of forensic toxicology. Trends in the modern toxicology. Basic terms in toxicology. Migration of xenobiotics in human body. Factors of toxicity. Mechanism of toxic activity. Interactions of poisons. Toxicology of medicines. Selected drugs of toxicological interest. Toxicology of poisons of natural origin. Toxicity of drugs of abuse and narcotics. Toxicology of pesticides. Toxicity of organic solvents. Toxicological problems of selected metals (metalloids) and nonmetals (their inorganic connection). Sample preparation techniques. Methods for determination of xenobiotics in biological material and interpretation of the obtained results. Determination of psychotropic drugs in body fluids. Determination of selenium and arsenic in biological materials. 
PART II: Criminalistics: Prof. P. Kościelniak, Dr. M. Woźniakiewicz
Fundamentals of criminalistics. Definition of criminalistic traces. Characterization of criminalistic traces and microtraces (ink, glass, oil, paint, fiber, GSR, etc.), Principle of criminalistic expertise. Role and tasks of chemists in criminalistic investigations. Physicochemical methods used  in criminalistic examinations. Analytical approach to criminalistic problems. Selected examples of analytical examinations of criminalistic traces.  Analysis of questioned documents: discrimination of inks.

Objective of the course 

The aims of this unit are:

· To highlight the most important issues of forensic chemistry and to develop the competence of the students in this field.

· To introduce the analytical problems in forensic toxicology and criminalistics

· To train students in selected analytical techniques used in forensic chemistry.

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to cope with:

· main problems related to the forensic chemistry,

· different methods and techniques used for analysis of biological tissues and criminalistic traces,

· description of the role and tasks of a chemist as a forensic expert.

TEACHING AND LEARNING ACTIVITIES:

	Term
	Name 
	L
	S/E
	P

	2
	Forensic chemistry
	30
	5
	24

	
	Part I : Forensic toxicology
	18
	
	16

	
	Part II : Criminalistics
	12
	
	8


Student centered learning: 71 hours; Total student effort: 130 hours

Recommended READING:

D.M. Osselton, Forensic Toxicology, Taylor & Francis, 2004

Forensic Toxicology Methods, edited by B.A. Goldberger and D.S. Isenschmid, , Taylor & Francis, 2005
L.J. Ling, R.F. Clark, T.B. Erickson and J.H. ,Toxicology Secrets, Hanley & Belfus, Medical Publishers, 2000

S.R., Criminalistics: An Introduction to Forensic Science, 8th edition, Prentice Hall, 2003
S. Bell, Forensic Chemistry, Prentice Hall, 2005

RECOMMENDED WEBSITES:

http://forensic.to/forensic.html ; http://www.forensic-science-society.org.uk ;  http://www.forensica.com, 
langage of INSTRUCTION: English 

SCHEDULE AND LEARNING METHOD:

Forensic toxicology

	week
	type
	Duration
	Course description

	1
	L
	3
	Introduction to forensic toxicology

	2
	L  
	3
	Main issues of forensic toxicology

	3
	L  
	3
	Analytical problems related to forensic toxicology

	4
	P 
	8
	Determination of psychotropic drugs in body fluids

	5
	L  
	3
	Areas of toxicological examinations in forensic chemistry

	6
	L
	3
	Sample preparation techniques

	7
	L
	3
	Chemist as an forensic expert in toxicology

	8
	P
	8
	Determination of selenium and arsenic in biological materials


Criminaistics 
	week
	type
	Duration
	Course description

	1
	L
	3
	Introduction to criminalistics

	2
	L 
	3
	Areas of criminalistic examinations 

	3
	L
	3
	Analytical problems related to criminalistics

	4
	L
	3
	Chemist as an forensic expert in criminalistics

	5
	P
	8
	Analysis of questioned documents: discrimination of inks.


ASSESSMENT:

Oral examination on 2 topics (60%); oral presentation of one topic (15%) and practicals evaluation (25%).

TEACHING STAFF: Prof. Wojciech Piekoszewski, Prof. Paweł Kościelniak, Dr Katarzyna Madej, Dr Renata Wietecha-Posłuszny, Dr Michał Woźniakiewicz


ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: Neuroscience (Prof.  Jerzy Silberring,  Prof. Malgorzata Baranska, Dr. Agnieszka Kraj, Dr. Piotr Suder, Dr. Marek Noga)


UNIT CODE:
ASC 18-Kr (semester II) 
ECTS CREDITS:
5 Credits 
PREREQUISITES:
Organic chemistry (basics)

COURSE DESCRIPTION: Current knowledge on brain function and strategies for identification of endogenous compounds are described:

PART I: Basic neuroscience (lectures): Prof. Jerzy Silberring, Dr. Piotr Suder
 The course covers basic aspects of neuroscience including the most recent developments in brain research (stem cells, imaging, molecular basis of neurodegenerative diseases) and techniques to study various aspects of central nervous system. The course includes, among others, the history of brain research, the nervous system, nerve cells, neuronal signalling, neurotransmitters, neuropeptides/neuromodulators, receptors, development and treatment of pain, drug addiction (e.g. methadone replacement therapy), and apoptosis. In addition, basics of neuropharmacology and pharmacological tools to study central nervous system will be discussed (e.g. neurotoxins, cell-penetrating peptides, behavioral tests). This also includes developments of novel medications, strategies for isolation and identification of endogenous compounds as a lead for further design of new drugs. 

One of the important issues will be discussion on ethical-, and safety regulations for handling of animals and biological material. His will be realized during this part of the course, and also during seminars and laboratory practicals.
PART II: How to isolate and identify endogenous molecules? (lectures): Dr. Agnieszka Kraj
Introduction to strategies leading to extraction, isolation and identification of various molecules, derived from central nervous system (neurotransmitters, neuropeptides, and proteins). Description of efficient methods for extraction (SPE, precipitation, affinity chromatography, laser capture microdissection), isolation (IEF in solution, gel electrophoresis, micro-HPLC), and identification (MS/MS, LC/MS/MS, Raman spectroscopy, bioinformatic tools).

PART III: Isolation and identification of molecules derived from central nervous system (practicals): Dr. Agnieszka Kraj, Dr. Piotr Suder, Prof. Malgorzata Baranska, Dr. Marek Noga
This part of the course will aim on practical aspects of various methodologies, from cell cultures (neurons and astrocytes), sample preparation, instrumentation. Participants will be trained in modern separation sciences, such as capillary multidimensional chromatography, capillary electrophoresis, combination of LC-MS/MS, GC/MS for identification and isolation of endogenous molecules including proteins, peptides and metabolites. Preparation of peptide maps for protein identification, de novo sequencing, structure elucidation with help of spectra library (small molecules) will be covered. Moreover, various aspects of Raman spectroscopy will be used in collaboration with Dept. Chem. Phys. (Prof. M. Baranska). The most important aspect of these practicals is to teach students how to plan the entire project leading to discovery of new compounds, and to collaborate with specialists from various disciplines to solve scientific problem. Our departments are unique in this respect as we combine interdisciplinary approaches between chemistry, biochemistry, and pharmacology. 

ObjectiveS  of the course 

The aims of this unit are:

· To build upon and extend the theoretical and methodological concepts introduced during the bachelor degree programme.

· To develop the competence and confidence of the students in basic neuroscience.

· To link advanced chemistry with neurochemistry and drug discovery/design.

· To plan and realize the project leading to discovery of new molecules

· To highlight modern advances in instrumentation and techniques within CNS research.

· To learn how to isolate and identify unknown biological samples/compounds.

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to:

· Discuss in a comprehensive way the methods available for the separation and identification of various types of biological samples

· Identify methods for planning experiment, isolation and identification of various endogenous molecules.

· Review critically the available types of methodologies.

· Discuss the use of software (bioinformatics) in obtaining and analyzing data.

· Identify the most suitable instrumentation for specific applications and describe the extent and limitations of the data obtained.

· Interpret spectral data and present the conclusions drawn in written and oral form.

· Explain to non-specialists how the strategy and instrumentation can be expected to provide valuable information in different areas of chemistry and related disciplines.

· To work in the interdisciplinary environment

TEACHING AND LEARNING ACTIVITIES:

	Term
	Name 
	L
	S/E
	P

	2
	Neuroscience
	18
	5
	22

	
	Part I : Basic neuroscience
	10
	
	

	
	Part II : How to isolate and identify endogenous molecules?
	8
	5
	

	
	Part III : Practicals
	
	
	22


Student centered learning: 45 hours; Total student effort: 75 hours

Recommended READING:

· “Proteomics: Introduction to Methods and Applications” edited by Agnieszka Kraj and Jerzy Silberring. Wiley & Sons, Hoboken, 2008.

· "Neuroscience-Exploring the Brain" (M.F.Bear, B.W.Connors & M.A.Paradiso, eds.), Lippincott Williams and Wilkins, 2006. 

RECOMMENDED WEBSITES:

· Teaching materials on our educational server: neuro.chemia. uj.edu.pl. Access will be given to all students enrolled to this course. 

langage of INSTRUCTION: English

SCHEDULE AND LEARNING METHOD:

Part I 
	week
	type
	Duration
	Course description

	1
	L
	1.5
	Nervous system, divisions, nerve cells, action potential

	2
	L  
	1.5
	Neurotransmitters, neuromodulators, neuropeptide precursors

	3
	L
	1.5
	Receptors, G-proteins

	4
	L
	1.5
	Dopaminergic reward pathway, addiction, tolerance, withdrawal, therapy

	5
	L
	1.5
	Pain, analgesia, apoptosis, necrosis

	6
	L
	1.5
	Neuropharmacology - tools for studying nervous system. Behavioral tests, transgenic animals, antisense (siRNA) technology, ELISA, RIA, RRA. Ethical regulations.

	7
	S
	1
	Stem cells - their potential in therapy

	8
	L
	1
	Proteomics and metabolomics in brain research


Part II 

	week
	type
	Duration
	Course description

	1
	L
	1.5
	Planning and design of an experiment for isolation/identification of a molecule

	2
	L 
	1.5
	Sample preparation strategies

	3
	L
	1.5
	Microseparation techniques (IEF in solution, capillary LC/MS, capillary electrophoresis, nanoelectrospray MS

	4
	L
	1.5
	Bioinformatic tools for proteins identification

	5
	L
	2
	Metabolome and its identification in central nervous system

	6
	S
	1.5
	Problems and pitfalls in nanoseparations


Part III 

	week
	type
	Duration
	Course description

	1
	P
	3
	Preparation of cell extract (astrocytes, neurons), handling of minute amounts of material (femtomoles), solid phase extraction, cut-off filtration, preparation of microcolumns

	2
	P 
	3
	Technical aspects of capillary chromatography and mass spectrometry, running stable nanospray, sample introduction

	3
	P
	3
	Polyacrylamide gel electrophoresis and isoelectric focusing in solution for separation of complex biological samples. Bioinformatics in proteomics and metabolomics

	4
	P
	3
	Identification of proteins and peptides; in-gel digestion, peptide map

	5
	P
	3
	MALDI TOF analysis of peptide map, fragmentation by MALDI

	6
	P
	3
	nanoESI and capillary LC/MS/MS analysis of peptide map; fragmentation

	7
	P
	4
	Raman spectroscopy and applications for peptides and metabolites in biological samples

	8
	S
	2.5
	Discussion of the results (students presentations)


ASSESSMENT:

Assay based on given literature on 1 topic (30%); oral presentation on practicals’ results from individual identification of a molecule (70%).

TEACHING STAFF: Dr. Agnieszka Kraj, Prof. Malgorzata Baranska, Dr. Piotr Suder, Dr. Marek Noga, Prof. Jerzy Silberring



ADVANCED SPECTROSCOPY IN CHEMISTRY PROGRAMME

UNIT TITLE: Neutron Scattering Spectroscopy (Prof. E. Mikuli, Prof. A. Migdał-Mikuli) UNIT CODE:
ASC 19-Kr (semester II) 

ECTS CREDITS:
5 Credits 

PREREQUISITES:
ASC 1 to 5 (semester I)

COURSE DESCRIPTION:

The course presents short description of theoretical background and chosen applications of the four main methods based on four different processes of neutron scattering by the molecular systems: 1) elastic coherent neutron scattering, 2) inelastic coherent neutron scattering, 3) elastic (or quasielastic) incoherent neutron scattering and 4) inelastic incoherent neutron scattering. The first one is common used for the crystal structure identification and the second gives precise information about the phonon dispersion relation curves in the crystal lattice. Both these methods can be used successfully only for deuterated compounds. Third method informs us about the dynamical reorientational disorder of molecules and the fourth about the frequency distribution function of vibrations and phonons in the crystal lattice. Both these last methods are very useful for the compounds containing hydrogen atoms. All these methods are especially preferable for the compounds containing the hydrogen bonds systems.

Objective of the course 

The aims of this unit are:

· to form an understanding of physical background of neutron scattering by molecules,

· to develop the competence of students in application of neutron scattering methods,

· to highlight modern advances in instrumentation and techniques used in neutron spectroscopy and their specific applications to monitor molecular structure and dynamic of the compounds, especially containing hydrogen (deuterium) atoms,

· to identify appropriate neutron spectroscopic methods and experimental procedures for particular scientific applications.

INTENDED LEARNING OUTCOMES:

After completing this unit the student should be able to cope with:

· critically evaluate applicability of specific spectroscopic techniques to solve particular structural or molecular dynamic problems, 

· interpretation the results of spectral data and presentation of the conclusions in written and oral form,

· explaining to non-specialists how different neutron scattering methods can provide valuable information in chemistry, physics, biology, medical and environmental sciences.

TEACHING AND LEARNING ACTIVITIES:

	Term
	Name 
	L
	S/E
	P

	2
	Neutron Scattering Spectroscopy
	28
	
	32

	
	Part I : ECNS
	6
	
	6

	
	Part II : ICNS
	6
	
	9

	
	Part III : IINS
	8
	
	8

	
	Part IV : EINS/QENS
	8
	
	9


Student centred learning: 60 hours (45 minutes each)

Recommended READING:

1. Vibrational Spectroscopy with Neutrons with Applications in Chemistry,

Biology, Materials Science and Catalysis, Philip C. H. Mitchell, Stewart

F. Parker, Anibal J. Ramirez-Cuesta & John Tomkinson, Series on Neutron

Techniques and Applications, vol. 3 (2005).

2. Neutron and X-ray Spectroscopy, Edited by: F. Hippert, E. Geissler,

J.L. Hodeau, E. Lelievre-Berna, J. Regnard, Springer 2006.

3. Neutron Data Booklet, Editors: A. Dianoux, G. Lander, ILL Neutrons for

Science, second edition, 2003.

RECOMMENDED WEBSITES:

http://neutron.neutron-eu.net/

http://www.ill.fr

http://nfdfn.jinr.ru/

http://www.jinr.ru/

http://www.ncnr.nist.gov/

http://www.lanl.gov/

http://www.sns.gov

http://www.aps.anl.gov/

http://www.ansto.gov.au/

http://www.neutron.anl.gov/software.html

langage of INSTRUCTION: English

SCHEDULE AND LEARNING METHOD:

ECNS

	week
	type
	Duration
	Course description

	1
	L
	2
	Neutron properties, modern sources of neutrons, detectors, optics.
Interaction of neutrons with matter.

	1
	P
	2
	Data treatment and practical application I

	2
	L  
	2
	Introduction to elastic coherent neutron scattering.

	2
	P
	2
	Data treatment and practical application II

	3
	L
	2
	Time of flight diffractometers. Direct and Indirect geometry. 

Neutron diffraction vs. X-ray diffraction.

	3
	P
	2
	Data treatment and practical application III


ICNS 

	week
	type
	Duration
	Course description

	4
	L
	2
	Theory of inelastic coherent neutron scattering. Principles of the technique.

	4
	P 
	5
	Excursion to the Institute of Atomic Energy in Świerk. Reactor MARIA. 

	5
	L
	2
	Three-axis inelastic neutron scattering spectrometer.

	5
	P
	2
	Data treatment and practical application IY

	6
	L
	2
	Instrumentation and phonon studies with TAS.

	6
	P
	2
	Data treatment and practical application V


IINS 

	week
	type
	Duration
	Course description

	7
	L
	2
	Principles of inelastic incoherent neutron scattering.

	7
	P 
	2
	Practical application of ICNS.

	8
	L 
	2
	TOF spectrometers

	8
	P
	2
	Sample preparation, data acquisition.

	9
	L
	2
	Density of states.

	9
	P
	2
	Examples of  application of IINS method.

	10
	L
	2
	Vibrational spectroscopy. Neutron vs. optical spectroscopy.

	10
	P
	2
	Comparison of neutron spectroscopy with optical.


EINS/QENS/Other
	eek
	type
	Duration
	Course description

	11
	L
	2
	Neutron spin echo spectroscopy.

	11
	P  
	2
	Data treatment and applications of QENS method.

	12
	L 
	2
	Neutron backscattering spectroscopy.

	12
	P
	2
	Qualitative analysis with QENS method. 

	13
	L
	2
	QENS – principles of the method. 

Scattering law.

	13
	P
	2
	Examples of QENS method use.

	14
	L
	2
	Molecular motion studied with QENS.

Models of reorientations.

	15
	
	3
	Exam.


ASSESSMENT:

Oral examination on 2 topics (60%); oral presentation of one topic (15%) and practical evaluation (25%).
TEACHING STAFF: Prof. dr hab. Edward Mikuli, Prof. dr hab. Anna Migdał-Mikuli, Dr Łukasz Hetmańczyk

Master OF sciences Avanced spectroscopy in chemistry
Project Case Study 2008-2009

	UNIT CODE: ASC-17A-Kr  semester III
	ECTS CREDITS: 10 Credits

	Unit Title : Research Practical Course in Forensic Chemistry

	Laboratory : Forensic Chemistry

	Location : Faculty of Chemistry, Laboratory for Forensic Chemistry

	Tutor name : Paweł Kościelniak

	Phone : 48-12-6632008
	Secretary phone : 48-12-6632215

	email address : koscieln@chemia.uj.edu.pl
	


COURSE DESCRIPTION:
Practical course: Learning to apply selected analytical methods (with special attention to spectroscopic methods) to examination of criminalistic traces and biological materials for forensic purposes. 
Seminar: 

AIMS: To extend knowledge and skills in advanced analytical methods applied to forensic chemistry
INTENDED LEARNING OUTCOMES: After completing this unit a student is expected to know the role and tasks of chemists in solving of fundamental forensic problems
TEACHING AND LEARNING ACTIVITIES:
Practice: 140 h

Seminar: 10h

Student centered learning: 100 h

Total student effort: 250 h

ASSESSMENT:

Written report (67 %), oral presentation (33 %)
BIBLIOGRAPHY: Adequate articles and research reports on the topic
Master OF sciences Avanced spectroscopy in chemistry
Project Case Study 2008-2009


	UNIT CODE: ASC-17B-Kr  semester III
	ECTS CREDITS: 10 Credits

	Unit Title : Application of chromatographic methods for determination medicaments and drugs in biological materials 

	Laboratory : Forensic Chemistry

	Location : Faculty of Chemistry, Laboratory for Forensic Chemistry

	Tutor name : Wojciech Piekoszewski

	Phone : 48-12-6632045
	Secretary phone : 48-12-6632215

	email address : wpiekosz@tlen.pl
	


COURSE DESCRIPTION:
Practical course: Learning to use chromatographic methods (gas chromatograph and high performance liquid chromatography with different type of detectors) for determinations medicaments and drugs in different biological materials (blood, serum, urine, saliva) for forensic purposes. 
Seminar: 

AIMS: To extend knowledge and skills in advanced analytical methods applied to forensic toxicology
INTENDED LEARNING OUTCOMES: After completing this unit a student is expected to know the role and tasks of chemists in solving of fundamental toxicological problems
TEACHING AND LEARNING ACTIVITIES:
Practice: 140 h

Seminar: 10h

Student centered learning: 100 h

Total student effort: 250 h

ASSESSMENT:

Written report (67 %), oral presentation (33 %)
BIBLIOGRAPHY: Adequate articles and research reports on the topic
Master OF sciences Avanced spectroscopy in chemistry
Project Case Study 2008-2009

	UNIT CODE: ASC-18-Kr  semester III
	ECTS CREDITS: 10 Credits

	Unit Title : Research Practical Course in  Neuroscience

	Laboratory : Department of neurobiochemistry

	Location : Faculty of Chemistry, Jagiellonian University

	Tutor name :  Prof. Jerzy Silberring

	Phone : +48-12-6635600
	Secretary phone :

	email address : silber@chemia.uj.edu.pl
	


COURSE DESCRIPTION:
Neuropeptides and their physiological functions

Neuropeptide receptors

Maturation and metabolism of neuropeptides

Techniques used for studying neuropeptides and proteins (transgenic animals, antisense technologies, microinjections, behavioral tests)

In-vitro quantitation of neuropeptides and proteins (radioimmunoassay, radioreceptorassay, antibodies, aptamers)

Synthetic substrates and inhibitors of peptideses (peptide synthesis, peptidomimetics, combinatorial libraries) and their applications in pharmacology and medicine.

Strategies for the optimal design of peptidase inhibitors

Strategies and techniques for isolation and analysis of neuropeptides and proteins

Practical course:

Practicals include identification of endogenous compounds by means of a combination of ultrasensitive techniques, primary cell cultures (neurons and astrocytes), advanced separation techniques, proteomic strategies. 

Seminar: 

AIMS:
The major aims are to familiarize students with modern aspects of neuroscience, latest discoveries and also with basic knowledge, necessary to perform laboratory practicals. 

INTENDED LEARNING OUTCOMES:
TEACHING AND LEARNING ACTIVITIES:
Practice: 140 h

Seminar: 10h

Student centered learning: 100 h

Total student effort: 250 h

ASSESSMENT:

Written report (67 %), oral presentation (33 %)
BIBLIOGRAPHY:
Lubert Stryer "Biochemistry"

George J. Siegel et al. Basic Neurochemistry-Molecular, Cellular, and medical Aspects

Master OF sciences ADvanced spectroscopy in chemistry
Project Case Study 2008-2009

	UNIT CODE: ASC-17C-Kr  semester III
	ECTS CREDITS: 10 Credits

	Unit Title: 
Research practical course in application of vibrational spectroscopy 
techniques and capillary electrophoresis for paper degradation studies

	Laboratory: 
Laboratory on the Permanence and Degradation of Paper

	Location: 
Faculty of Chemistry, Jagiellonian University, Krakow

	Tutor name: 
Joanna Lojewska

	Phone: 
0048 12 663 2245
	Secretary phone:
0048 12 663 2237

	email address: lojewska@chemia.uj.edu.pl
	


COURSE DESCRIPTION:
Practical course: 

In this course the student will learn to (1) plan and perform artificial aging experiments (using pollution chamber, climatic chamber or light aging equipment), (2) analyze the extent of sample degradation with the use of modern apparatuses for FTIR (DRIFT, ATR, PAS) and FT-Raman spectroscopy, (3)  analyze non-volatile degradation products by capillary electrophoresis coupled to mass spectrometer.
Seminar: 
Group seminar: presentations and  discussions on the current research topics carrried out by the group and the literature of the subjecy matter..
AIMS:
To provide \ fundamental knowledge in paper degradation studies and practical laboratory skills for the use of modern analytical techniques for the characterisation of degraded paper samples. To strenghten the general skills: teamwork abillity, proper planning of work and communication. 
INTENDED LEARNING OUTCOMES:
After completing this unit the student should be able to plan, perform and evaluate results of experiments with the use of selected analytical techniques for the study of aged samples of paper.

TEACHING AND LEARNING ACTIVITIES:
Practice: 140 h

Seminar: 40h

Student centered learning: 100 h

Total student effort: 280 h

ASSESSMENT:

Written report (67 %), oral presentation (33 %)
BIBLIOGRAPHY:
1. M.R. Derrick, D.C. Stulik, Infrared Spectroscopy in Conservation Science, Getty Trust Publications, 2000.

2. E. Ciliberto, G. Spoto, Modern Analytical Methods in Art and Archaeology, John Wiley & Sons, 2000.

3. M. Strlic and J. Kolar, Aging and stabilization of paper, Ljubljana, National and University Library, 2005.

4. recent research reports and journal’s publications on the topic.

Other topics for master thesis in ASC program in Jagiellonian University Krakow:

1. Resolution of spectrothermal matrices of conformer mixtures by means of constrained and   

    unconstrained methods of factor analysis . 

Supervisor: Dr Andrzej Turek 

2. Laser induced fluorescence study of jet cooled aniline derivatives. 

Supervisor: Prof. Jan Najbar 

3. Theoretical and spectroscopic studies of vibrational spectra of selected hydrogen – bonded 

    systems 

Supervisor: Prof. Marek Wójcik 

4. Relativistic DFT calculations of EPR g and hyperfine coupling tensors, 

Supervisor: Prof Zbigniew Sojka 

5. Interaction of nitrogen oxides with intrazeolite transition metal ions – computational 

    spectroscopy and molecular modeling studies 

Supervisor: Prof Zbigniew Sojka 

6. Mechanism of rearrangement involving electrophilic attack of dicyanovinyl group on 

    aromatic systems 

Supervisor: Doc J.Sepioł 

7. Conformational studies on medium – sized rings by NMR, molecular modeling and 

    simulation of spectral parameters

Supervisor: Doc Barbara Rys 

8. Investigation of tautomeric equilibrium in keto – compounds by means of 19F NMR

Supervisor: Dr Anna Kolasa 

9. Structural investigations of interactions between anticancer drugs and proteins.

Supervisor: Prof. Barbara Oleksyn 

10. Crystal structure analysis of new variants of onconase, antitumor ribonuclease.

Supervisor: Dr Krzysztof Lewiński 

11. The Franck-Condon, pseudo Jahn-Teller and Jahn-Teller effects in the

     resonance Raman phenomenon.

Supervisor: Prof. Marek Pawlikowski 

12. High pressure kinetic studies of model biological systems 

Supervisor: Prof. Grażyna Stochel 

13. Photomaterials in environmental protection and medicine. 

Supervisor: Prof. Grażyna Stochel 

14. Synthesis and crystal structure of hybrid organic – inorganic  materials 

Supervisor: Dr hab. Wiesław Łasocha 

15. Single crystals engineering of NLO materials

Supervisor: Dr hab. Katarzyna Stadnicka 

