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	Course goals

	Acquisition of theoretical knowledge and practical skills in the field of separation methods, starting from extraction techniques to modern instrumental methods. Furthermore, the acquisition of theoretical knowledge and practical skills about the principles and capabilities of basic electrochemical methods and classical volumetric methods described in pharmacopoeias.
Practical training aims at acquiring skills and competencies in the application of separation, volumetric and electrochemical methods in solving problems of quality control of medicines, active pharmaceutical ingredients and other starting materials and determination of impurities and degradation products in the starting material and finished product.

	1.2. Course content
	

	a) Theoretical lectures
Extraction principles, volatility, lipophilicity, solubility, extraction of semivolatile substances from a liquid sample, extraction efficiency.
Extraction of semivolatile substances from solid samples, extraction in Soxhlet apparatus, supercritical fluid extraction, accelerated solvent extraction, microwave extraction.
Principles of chromatographic separation, types of interactions, separation based on adsorption, redistribution, ion exchange and molecular size. Types of stationary and mobile phases.

Solid phase extraction, column chromatography.
Basic concepts in chromatography, retention time, separation efficiency, theoretical plates, system suitability testing, qualitative analysis in chromatography.
Quantitative analysis in chromatography, methods of external and internal normalization, methods of external and internal standardization.
Thin layer chromatography, types of phases, development techniques, separation efficiency, qualitative and quantitative analysis.
Gas chromatography, instrument construction, methods of injection, types of columns and stationary phases, types of detectors, derivatization in gas chromatography, head space extraction of volatile substances from liquid and solid samples.
Liquid chromatography, instrument construction, types of stationary and mobile phases, exclusion chromatography and ion exchange chromatography.
Chirality, importance of enantiomerically pure medicines, chiral separations.

Hyphenates chromatographic systems:  gas chromatography-mass spectrometry, liquid chromatography-mass spectrometry.

Electromigration methods.

Electrochemical methods, ion-selective electrodes, water determination by Karl-Fischer.
Complexometric titration, redox titration, and non-aqueous media titrations in drug analytics.


	b) Practical excerises 
Polarimetry - Determination of the specific rotation angle of tartaric and ascorbic acid.

Thin layer chromatography - identification of components of the analgoantipyretic mixture
Thin layer chromatography - identification of related substances and degradation products by the example of acetylsalicylic acid.

Extraction of analgoantipyretics from the mixture and identification by thin layer chromatography.

Gas chromatography - Qualitative and quantitative analysis of caffeine by the internal standard method.

Liquid chromatography (HPLC) - Qualitative and quantitative analysis of parabens by external standard method.

Liquid chromatography (HPLC) - Qualitative and quantitative analysis of diazepam ampoules by the internal standard method.

Acidialcalimetric titration - Preparation of sodium hydroxyde solution, standardization and determination of acetylsalicylic acid in tablets.
Complexometric titration - Standardization of EDTA solution against calcium carbonate.

Complexometric titration - Determination of magnesium in Epsom salt  preparation (magnesium sulphate).

Non-aqueous titration - Determination of caffeine in tablets.

Potentiometry - calibration of the instrument and potentiometric determination of the pH of the solution of the medicine, preparation of buffer.
Validation of analytical procedures according to ICH Q2 guidelines - Detailed workout and solving of simulated validation cases.

	1.3. Learning outcomes
	Theoretical and practical knowledge of separation methods, which enables the student to choose the best method of extraction, depending on the type of sample and analyte, the selection of an adequate separation method in solving a specific analytical problem and the ability to validate the analytical method. Knowledge and application of basic electrochemical and volumetric methods in the testing of the quality of the starting substances, process control and control of the finished drug.

	2. LECTURES  ORGANISATION 

	Activities (%)

	2.1. Teaching context
	1. Lectures ex-cathedra, all students 
2. Laboratory exercises are performed in groups of students
3. Consultation: an optional form of teaching, used to further clarify the uncertainties resulting from the adoption of material in theoretical and practical teaching.
4. Student's individual work: processing of laboratory measurements, presentation of results, presentation of homework.
	1. 42,85 %
2. 57,15 %

	Participation in the final grade (%)

	2.2. Assessment
	1. Attendance to theoretical lessons

2. Attendance to laboratory excercise

3. Active participation in laboratory execrise
4. Short exam on laboratory excercise
5. Success in the theoretical exam

	1. 0-2,5%
2. 0-2,5%

3. 0-7%

4. 0-8%

5. 0-80%


	3. TEACHING MATERIALS
	

	Obligatory :

1. Branko Nikolin, Miroslav Šober: Analitika lijekova, Sarajevopublishing 2001.
2. Compendium of analytical methods for quality control of medicines, internal teaching material, Faculty of Pharmacy, UNSA

	Additional:

1. Somenanth M editor. Sample Preparation Techniques in Analytical Chemistry, John Wiley and sons Inc. 2003

2. Sherma J, Fried B. eds. Handbook of Thin layer Chrtomatography, Marcel dekker Inc. 2003

3. Heftman E editor. Chromatography, 6th edition. Part A: Fundamentals and techniques. Elsevier 2004

Online content:
1. The International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use http://www.ich.org/



