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COURSE DESCRIPTION CARD - SYLLABUS 

Course name  

ADVANCED, FUNCTIONAL MATERIALS 

Course 

Proposed by Discipline 

Chemical sciences 

Type of studies 
Doctoral School 
Form of study 

full-time 

Year/Semester 

II/3, III/5 

Course offered in 
English 

Requirements  

elective

 Number of hours 

Lecture 

4 

Tutorials Projects/seminars 

Number of credit points 

1 

Lecturers

Responsible for the course/lecturer: 

prof. dr hab. inż. Teofil Jesionowski 

email: teofil.jesionowski@put.poznan.pl 

phone: +48 61 665 3720 

Faculty of Chemical Technology 

Poznan University of Technology 

ul. Berdychowo 4, 61-131 Poznan, Poland 

Responsible for the course/lecturer: 

dr hab. inż. Filip Ciesielczyk, prof. PUT 

email: filip.ciesielczyk@put.poznan.pl 

phone: +48 61 665 3626 

Faculty of Chemical Technology 

Poznan University of Technology 

ul. Berdychowo 4, 61-131 Poznan, Poland

 Prerequisites 

Knowledge: the PhD student has knowledge in chemistry, physics, mathematics and material 

engineering, obtained at the first and second degree of studies, in the fields of chemical technology, 

material engineering, technical physics, pharmacy or other related fields. The PhD student can describe 

the basic processes for the production of advanced functional nano- and biomaterials and knows issues 

in the field of materials science in terms of their modification and potential applications. 

Skills: the PhD student is able to define the assumptions of the technology for production of selected 

materials and is able to assess their properties (physicochemical, structural, morphological). 

Independently he can formulate and verify research hypotheses, organizes his own workshop using 

modern research methods. The PhD student is also able to plan and conduct research and scientific 

experiments as well as analyze, interpret and critically evaluate and present research results. 

Social competencies: the PhD student understands the need to deepen, update and popularize 

knowledge about the achievements of science and technology. He has the ability to work in a team and 

is open to implementing advanced technologies, in particular those dedicated to medical or 



 

2 
 

pharmaceutical applications. The PhD student is able to independently develop knowledge in the 

subject and is able to communicate with other specialists in this area.  

Course objective 

The aim of the course is to acquire by PhD students knowledge of nano- and biomaterials, methods of 

their synthesis and modification in order to obtain hybrid combinations with specific physicochemical 

and functional properties and to familiarize PhD students with the latest research methods used to 

characterize synthesized materials. 

Course-related learning outcomes  

Knowledge 

A PhD student who graduated from doctoral school knows and understands: 

1) global achievements, covering theoretical basis as well as general and selected specific issues, that 

are specific to material sciences, has in-depth knowledge of phenomena and processes, and data 

development and presentation of research results,  [P8S_WG/SzD_W01] 

2) the key developmental trends in methods of obtaining functional nano- and biomaterials with defined 

physicochemical and functional properties, [P8S_WG/SzD_W02] 

3) the scientific research methodology for synthesis and modification of nano- and biomaterials, 

[P8S_WG/SzD_W03] 

4) principles of promoting scientific activity results, also in an open access mode. [P8S_WG/SzD_W04] 

Skills 

A PhD student who graduated from doctoral school can: 

1) able to use the knowledge from different branches of science to creatively identify, formulate and to 

innovatively solve complex problems or to execute research tasks in particular: define the aim and 

subject of scientific research, form a research hypothesis, develop research methods, techniques and 

tools and use them creatively, draw conclusions on the basis of research results, [P8S_UW/SzD_U01] 

2) able to critically analyze and asses scientific research results, work of experts and other creative 

activities together with their contribution into knowledge development, [P8S_UW/SzD_U02] 

3) able to design new nanoparticles, hybrid inorganic-organic combinations and nanocomposites with 

the use of biopolymers and examine their properties. Is able to assess the application possibilities of 

synthesized materials. [P8S_UW/SzD_U01/SzD_U02] 

Social competences 

A PhD student who graduated from doctoral school is ready to: 

1) critically assess the achievements within a materials science and engineering. Understands the need 

to deepen, update and popularize knowledge about the achievements of science and technology, 

[P8S_KK/SzD_K01] 

2) critically evaluate their own contribution to the development of a materials science and engineering 

discipline. Has the ability to work in a team, is open to cooperation with other people, including other 

domestic and foreign scientific institutions, [P8S_KK/SzD_K02] 

3) acknowledge the importance of knowledge in solving cognitive and practical problems. 

[P8S_KK/SzD_K03] 
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Methods for verifying learning outcomes and assessment criteria 

Learning outcomes presented above are verified as follows: 

PQF code Methods for verification of learning outcomes Assessment criteria 

W01, W02, 

W03, W04 

written exam summary note: 

3.0 – 50.1%-70.0%, 

4.0 – 70.1%-90.0%, 

5.0 – from 90.1%  

U01, U02 ssessment of student activity during lectures, assessment of 

team work and solving of scientific problems 

3.0 – basic participation 

in classes without 

additional involvement, 

4.0 – active participation 

in classes supported by 

the desire to obtain 

additional knowledge, 

5.0 – independent search 

for additional theoretical 

knowledge, ambitious 

approach to the problem 

subject 

K01, K02, 

K03 

assessment of student activity during lectures, assessment 

of team work and solving of scientific problems 

3.0 – basic participation 

in classes without 

additional involvement, 

4.0 – active participation 

in classes supported by 

the desire to obtain 

additional knowledge, 

5.0 – independent search 

for additional theoretical 

knowledge, ambitious 

approach to the problem 

subject 

 

Programme content 

1. State of art in the field of synthesis, characteristics and applications of advanced functional inorganic 

and hybrid materials. 

2. Materials manufacturing technologies (precipitation processes, sol-gel reactions, emulsion, solvo- and 

hydrothermal, microwave, biomimetics). 

3. Directions for modification of nano- and biomaterials. 
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4. Application directions of nano- and biomaterials. 

5. Biomaterials as sources of a new generation of nanocomposites. 

6. Advanced methods for assessing. 

Teaching methods 

Lecture: multimedia presentation including illustrations and examples. 

Bibliography 

Basic 

1. K. Schmidt-Szałowski, J. Sentek, J. Raabe, E. Bobryk, Podstawy technologii chemicznej. Procesy w 

przemyśle nieorganicznym, Oficyna Wydawnicza Politechniki Warszawskiej Warszawa 2004. 

2. G. Wypych, Handbook of fillers, 3rd ed., ChemTec Publishing, Toronto 2010. 

3. M. Xantos, Functional filers for plastics, Wiley-VCH, New York 2010. 

4. A. W. Adamson, A. P. Gast, Physical chemistry of surface, John Wiley & Sons, Toronto 1997. 

5. Ch. Kumar, Nanostructured oxides, Wiley-VCH, Weinheim 2009. 

6. D. H. Everett, W. A. House, Adsorption on heterogeneous surfaces, Colloid Science: Volume 4, 1983, 4, 

1-58, DOI:10.1039/9781847555861-00001. 

7. J. A. Rodriguez, M. Fernandez-Garcia, Synthesis, properties and applications of oxide nanomaterials, 

John Wiley & Sons, New Jersey 2007. 

8. V. Kumar Thakur, M. Kumari Thakur, M. R. Kessler, Handbook of Composites from Renewable 

Materials, Wiley 2017. 

Additional  

1. E. F. Vansant, P. van Der Voort, K. C. Vrancken, Characterization and chemical modification of the 

silica surface, Elsevier, Amsterdam 1995. 

2. J. A. Rodriguez, M. Fernandez-Garcia, Synthesis, properties and applications of oxide nanomaterials, 

John Wiley & Sons, New Jersey 2007. 

3. I. Aranaz, M. Mengibar, R. Harris, I. Panos, B. Miralles, N. Acosta, G. Galed, A. Heras, Functional 

characterisation of chitin and chitosan, Current Chemical Biology, 3 203-230 (2009). 

4. H. Ehrlich, Biological materials of marine origin – invertebrates, Springer (2010). 

5. B. Krajewska, Application of chitin- and chitosan-based materials for enzyme immobilizations: a 

review, Enzyme and Microbal Technology, 35 126-139 (2004). 

6. R. Jayakumar, K. R. Chennazhi, S. Srinivasan, S. N. Nair, T. Furuike, H. Tamura, Chitin scaffolds in tissue 

engineering – review, International Journal of Molecular Sciences 12 (2011). 
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7. M. Rinuardo, Chitin and chitosan: Properties and applications, Progress in Polymer Science 31 (2006). 

8. C. K. S. Pillai, P. Willi, C. P. Sharma, Chemistry, solubility and fiber formation, Progress in Polymer 

Science 34 (2009). 

9. Literature from the electronic database such as Elsevier, ACS, Wiley, etc. 

10. H. Ehrlich, Extreme Biomimetics, Springer 2017. 

11. M. Janus, Titanium dioxide, INTECH 2017. 

12. H. Masuda, K. Higashitani, H. Yoshida, Powder Technology Handbook, Taylor & Francis 2006. 

13. A. Kubiak, K. Siwińska-Ciesielczyk, T. Jesionowski, Titania - based hybrid materials with ZnO, ZrO2 

and MoS2: A review, Materials, 11 (2018) 2295, doi:10.3390/ma11112295. 

14. J. Zdarta, A. S. Meyer, T. Jesionowski, M. Pinelo, A general overview of support materials for enzyme 

immobilization: Characteristics, properties, practical utility (Review), Catalysts Open Access Volume 8, 

Issue 2, 24 February 2018, Article number 92. 

15. T. Jesionowski, M. Norman, S. Żółtowska-Aksamitowska, I. Petrenko, Y. Joseph, H. Ehrlich, Marine 

Spongin: Naturally Prefabricated 3D Scaffold-Based Biomaterial, Marine Drugs 16(3) (2018) 88; 

https://doi.org/10.3390/md16030088. 

16. T. Jesionowski, J. Zdarta, B. Krajewska, Enzyme immobilization by adsorption: a review, Adsorption, 

20 (2014) 801–821. 

17. M. Wysokowski, I. Petrenko, A. L. Stelling, D. Stawski, T. Jesionowski, H. Ehrlich, Review, Poriferan 

Chitin as a Versatile Template for Extreme Biomimetics, Polymers 7 (2015) 235-265; 

doi:10.3390/polym7020235. 

18. E. Weidner, F. Ciesielczyk, Removal of hazardous oxyanions from the environment using metal-

oxide-based materials - Review, Materials 12(6) (2019) 927; https://doi.org/10.3390/ma12060927. 

Breakdown of average student's workload 

 Hours ECTS 

Total workload 18 1.0 

Classes requiring direct contact with the teacher 10 0.5 

Student's own work (literature studies, preparation for tutorials, 
project preparation) 1 

8 0.5 

 

                                                      
1 delete or add other activities as appropriate 


