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FORENSIC CHEMISTRY - LABORATORY

Mumber of hours expected

Mumber of credits: Number of taught hours
of student personal wo rk:
Information
JECTS 40h 35h (total 75 h)

The aims of this unit are:

# To highlight the most important issues of forensic chemistry and to develop the competence of the studentsin this field.

» To introduce the analytical problems in fore nsic toxicology and criminalistics

* To train students in selected analytical te chniques used in forensic che mistry

Synopsis Identification of unknown substance s (microscopic technigues, presumptive tests, gas chro matography with mass spectrometry).

Comparative analysisof DNA fragments (isolating genetic material from biclogical material, gel electro pho resis and NanoDrop spectrophotometry.
Examination of documents - ink discrimination: microscopic technigues, capillary e kectrophoresis.

Analysi of biological material for judicial purposes (high-perf ormance liquid chromatography).

Crime scene investigation. Identification of traces, e g fingerprints, bloodstains, footprints, ground serial numberson metal surfaces (microscopic
techniques and presumptive tests).

Leaming outcomes / skills
and competencies

Knowledge — Student knows and understands:

= Student can apply chemistry and technical science to describe properties of material/substances of forensic trace

= Student can utilize calculation methods in the explorstion of data derived from analysis forensic

* Student can use the methods of analytical and physical chemistry, suitable for identification and differentiation of substances of forensic trace aswell
as5tudent knowsthe limitations of these methods

# Student possesses the knowledge about safe work in toxicological and criminalstics leboratories following the rules of law.

Skills — Student can:

= Student can minute by pen ident Fication and comparstive nvestigation of a selected trace.

* Student can describe a used analytical method as well as interpret the resultsof identification analysis of selected traces.

* Student can explain the interdisciplinary characte r of analysis of forensic traces.

* The student knows English to the extent enabling the use of Englsh-language literature in the field of forensic che mistry.

= Student can present the application of modemn microanahticaltechniguesfor dete rmination of arganic and eleme ntal compaosition and hefshe can
describe possible source of efrors.

Social competences — Student is ready to:

» Student can assess its responsibilty (also legal) for acquired results and their interpre tation.

Teaching staff
and contact email

Dr. Mafgorzata Krol, Dr. Habi. Katarzyna Made], Dr. Aneta Wozniakiewicz, Dr. Habil. Katarzyna Kurpiewska, Dr. Joanna Loch

Examination




Cou rse tithe

JAGIELLONIAN
UNIVERSITY
IN KRAKOW

FORENSIC CHEMISTRY

Information

Number of hours expected

MNumber of credits: Mu mber of taught hours
of student personal wo rk:

ZECTS 20h 30h (total S0 h)

Synopsis

1. Introduction to areas of criminalistics and analytical problems|(parts I and Il - the application of analytical che mistry methods in forensic
examinations).

2. Crime scene inve stigation.

3. Drugs profiling and mass spectrometry in fore nsic anakysis

4. Forensic akcohology and toxicology.

5. Problems of fore nsic toxicalogical analysis.

Characteristics of biological and non-bio logical materials in forensic toxicological analysis. Methodsof isolating xenobiotics (e.g. alcohols, addictive
substances and substances used in human and animal doping) from bio lbgical material Screening methods in forensic toxicology. Analytical methodsfor
the determination of xenobiotics in toxicological expert se. Interpretation of results and forensic toxico bgist test. Toxicologist asan expert wiknessin
court.

Leaming outcomes / skills
and competencies

After completing this unit the student should be able to understand/can:

= main problems re lated to the forensic che mistry,

» 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.

* knowledge of chemistry and technical sciencesto describe the properties of mate rials forming a fore nsic trail. He can use the knowledge of analytical
che mistry to identify and mark xenobiotics in the material collected during the autopsy. familiarization with the procedures for testing drivers for the
presence of akkahal and alcohol-like substances. Can define the purpose and tasks of dfferent are as of toxicology

» computational methods to analyze the results of forensic traces analysis, prospective and retrospective inforensic alcoha logy.

» methads of analytical and physical che mistry, useful in the dentification of mate rials forming a fore nsic trail and knows the ir Imitations.

» action of selected »e nobiotics which are the cause of fatal poisoning.

» use scientific Iite rature in order to seect an analtical method and interpret research results

» gxplain the interdisciplnary nature of research on forensic trace materigls. He can use the know edge of general toxicology in the interpretation of
markings for the purposes of prosecution, courts and police.

» use professional literature on research in the field of forensic che mistry.

» assess responsbilty - including legal responsibilty for the obtained results and their evaluation

Teaching staff
and contact email

Prof. Dr. Habi. Wojciech Piekoszewski, Dr. Hahbil. Katarzyna Madej, Dr. Habil. Renata Wietecha Posfuszry (Professar JU ),
Dr. Habil. Michat Wo#niakiewicz (Professor JU) [michal wozniakiewicz@uj.edu pl), Dr. Matgorzta Krdl, Prof. Michael Cole
[suest lecturer, Anglia Ruskin U niversity, Cambridee, England)

Examination
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MULTIVARIATE ANALYSIS IN CHEMISTRY

Information

Mumber of hours expected

Mumber of cred its: Mumber of taught h
umber of credits umBber ot taught hours of student personal work:

5 ECTS 45h 80 h ftotal 125 h)

Synopsis

Statistical treatment of experimental data. Introduction to mathematical modelling of processes. Empirical modelling. Linear models: determination of
the model parameters and the corresponding variance-covariance matrix, model adequacy testing. Monlinear 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 Meural Networks (AN M),
and other chemometric methods. .Regression models for two-way two-block data analysis: Multiple Linear Regression (MLR), Principal Co mponent
Regression (PCR) and Partial Least Squares (PL5) regression, non-qua ntitative and Qua ntitative Structure-Activity Relationships (S48 and O5AR),
Alternating Least Squares Multiple Component Resolution (ALS-MCR), Learning machine, Classification reporting

Leaming outcomes / skills
and competencies

After completing this course the student should be in a position to propose and apply different data processing methods in order to retrieve the valuable

information fromthe experimental data.

Teaching staff
and contact email

Dr. Habil. Michat WoZniakiewicz (Professor 1U): michal.woznia kiewicz@uj.edu. pl),
Dr. Habil. Kamilla Matek [Professor JU): kamilla. malek@ uj.edu.pl

Examination
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QUANTUM-CHEMICAL MOLECULAR MODELLING

Information

MNumber of hours expected

Number of credits: MNumber of taught hours
of student personal wo rk:

10ECTS 90h 45 h (total 135 h)

Synopsis

The course covers practical aspects of molecular modeling with quantum-chemical methods. The lectures and computer lab cover: using quantum

che mical software — general rules; input data for quantum chemical cakuletions; available software; Borm-Oppenheimer approximation; potential
energy surface (PES), stationary points on PES; practical aspects of geo metry optimization of molecular systems; optimization of minima (reactants,
product=s) and saddle points (transition states); reaction paths on PES; commonby 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; locakization methods; vibrational ana lysis; normal modes; electron correlation; post-HF methods; Density
functional theory (DFT) and Kohn-Sham (K5) method; practical aspects of DFT calculations; exchange-correlation functional choice; che mical reactivity;
single- and two reactant reactivity indices; interaction e nergy partitioning methods; mode ling e ementary reactions of complex processes;
thermodynamic prope rties; free-energy of che mical reactio ns other to pics: mode ling of large syste ms, hybrid methods (QMPMM), sohvent effects.

Leaming outcomes / skills
and competencies

After completing this unit the student should be able to:

* To buid upon and exte nd the theoretical concepts introduced during the bachelor degree programme.

* To deve lop the competence and confidence of the studentsin performing quantum-chemical calculations and inte rpreting their results.

# To highlight modern methods of computational che mistry

* To identify appropriate method for particular applications.

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

* Discuss in @ comprehensive way the basic theoretical background of various computational methods and their applicabilty to various proble ms;

» Estimate the degree of reliabikty of the results;

* Explain to & non-specialsts how computational quantum chemistry can be expected to provide valuable information in different areas of chemistry
and re lated disciplines.

Teaching staff
and contact email

Prof. Dr. Habil. Artur Michalak: michalak@ chemia. uj.edu.pl

Examination
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SPECTROSCOPIC METHODS

FOR CHARACTERIZATION AND IMAGING OF BIOMATERIALS

Information

Number of hours expected

MNumber of cred its: MNumber of taught hours
of student personal work:

5 ECTS 65 h 60 h (total 125 h)

Synopsis

The course provides the basics of modern spectroscopic methods to study biological mate rials (in particular cells and tissues) and ove rview of their
applications: basicsof microscopy; confocal microscopy; basics of imaging methods currenthy used in medical diagnostics: MRI, CT, PET and
ukrasonography and their limiations/drawbacks; principkes of FT-IR spectroscopy and microscopy including description of IR modes; principles of
Raman spectroscopy and microscopy; high reso ution Raman maging (TERS) and multiphoton methods (CARS, SRS, TPEF), super-resolution spectrosco pic
imaging methods (e.g. STORM, PALM, STED), muktimodal imaging high-resolution surface imaging methods (AFK, SMOM, SEM, TEM, STM); basics of
chiroptical spe ctroscopy; examples of applications aswell as prosand cons of discussed technigues; nstrumentation: features of objectivesand ight
sources (e.g. brightness, stahility, spectral characteristics, coherence); types of light sources, includingthermal, Eser, synchrotron radiation; comparison
of spectroscopic and e ectron microscopes, combination of near field and spectrosco pic microscope s; operation, construction and function of
dispersive € lements; o peration and construction of detectors.

Leaming outcomes / skills
and competencies

Seven bBb classes cover practical aspects regarding Raman, infrared, AFM and fluo rescence spectroscopy and microsco py,

aswell as chemometric analyse and prepare students to obtain three-dimensional images of studied biological materials; determine distribution of
biocomponents in biological samples; determine topography and physicochemical properties of surfaces of biological materials; record Raman, IR and
fluorescence and AFM images of biological materials; analyze the spectra: preprocessing of spectra, uni- and mukltivariate analysis; document obtained
results and reach conclusions.

After completing this unit the student should be shle to:

» Explain the physicoche mical basics of discussed spe ctroscopic methods;

» Understand and critically evaluate scent¥ic artickes regarding the subject;

» Critically compare spectroscopic methodsto other technigues introduced previousky during the learning program;

» Select appropriste spectroscopic technigues and data analysis methods to solve specic research problems regarding biological samples;

* Based on up-to-date scientific articles prepare @ multimedia presentation on selected new applications of spectroscopic te chniques for investigating
biosamples.

Teaching staff
and contact email

Or. Habil. Agnieszka Kaczor (Professor IU): agnieszka kaczor@uj.edu.pl

Exa mination




