
SYLLABUS
Nanostructures and Applications / Nanostructuri si aplicatii
University year 2026-2027

1. Information regarding the programme
	1.1. Higher education institution
	Babes-Bolyai University

	1.2. Faculty
	Physics

	1.3. Department
	Solid State Physics and Advanced Technologies

	1.4. Field of study
	Physics

	1.5. Study cycle
	Master

	1.6. Study programme/Qualification
	Solid State Physics

	1.7. Form of education
	full-time education/ învățământ cu frecvență



2. Information regarding the discipline
	2.1. Name of the discipline
	Nanostructuri si aplicatii / Nanostructures and Applications
	Discipline code
	FME1404

	2.2. Course coordinator
	Prof. Dr. Coriolan Tiusan,  Prof. Dr. Romulus Tetean 

	2.3. Seminar coordinator
	Prof. Dr. Coriolan Tiusan, Prof. Dr. Romulus Tetean

	2.4. Year of study
	I
	2.5. Semester
	2
	2.6. Type of evaluation
	E
	2.7. Discipline regime
	DA



3. Total estimated time (hours/semester of didactic activities)
	3.1.  Hours per week  
	3
	of which: 3.2 course
	2
	3.3 seminar/laboratory
	1

	3.4.  Total hours in the curriculum
	42
	of which: 3.5 course  
	28
	3.6 seminar/laborator
	14

	Time allotment for individual study (ID) and self-study activities (SA)
	hours

	Learning using manual, course support, bibliography, course notes (SA)
	10

	Additional documentation (in libraries, on electronic platforms, field documentation)
	20

	Preparation for seminars/labs, homework, papers, portfolios and essays  
	22

	Tutorship 
	2

	Evaluations
	4

	Other activities: 
	-

	3.7.  Total individual study hours
	58

	3.8.  Total hours per semester
	100

	3.9.  Number of ECTS credits
	5



4. Prerequisites (if necessary)
	4.1. curriculum
	· Solid State Physics, Quantum Physics, Magnetism, Semiconductor Physics

	4.2. competencies
	· To know basic notions on physics from the basic courses 
· To valorisatie physical fundamentals, methods and tools of Solid-State Physics and Material Science for specific applications. 
· Use and development of research laboratory equipment and industrial laboratory for conducting research experiments.



5. Conditions (if necessary)
	5.1. for the course
	Classroom equipped with blackboard and projector

	5.2. for the seminar /lab activities
	Access to the research laboratories (Institute Ioan-Ursu, IIRBNS) of Babes-Bolyai University 


6.1. Specific competencies acquired [footnoteRef:1] [1:  One can choose either competences or learning outcomes, or both. If only one option is chosen, the row related to the other option will be deleted, and the kept one will be numbered 6.] 

	Professional/essential
competencies
	· Using of advanced knowledge of physics, mathematics and chemistry of solids for study in Solid State Physics and Materials Science. Capacity for analysis and synthesis of physical data, the ability to model complex phenomena.
· Capitalization of physical fundamentals, of methods and tools of solid-state physics and materials science for specific production activities, expertise, and monitoring. Mindset multi-and interdisciplinary.
·  Planning and conducting experiments to assess the uncertainty and interpretation of the results. Use basic research laboratory equipment and industrial laboratory for conducting research experiments. Planning and implementation independently experiment or experimental investigations and evaluating the uncertainty of the results.
· Communicating complex scientific ideas, conclusions, or results of a scientific project experiments.
· Ability to obtain and argue scientific results, the ability to produce scientific papers and to relate to the editorial board of scientific journals of the field.

	Transversal competencies
	· Fulfil the professional tasks effectively and responsibly with respect for law and ethics under qualified assistance. 
· Responsible execution of professional duties in terms of autonomy and decision-making based on self-assessment.
· Effective work in multidisciplinary team on different hierarchical levels. Implementation of activities and fulfilling specific teamwork roles on different hierarchical levels, showing initiative and entrepreneurial leadership based on promoting dialogue, cooperation positive attitudes, mutual respect, diversity and multiculturalism and continuous improvement of their activities.
· Effective use of information sources and communication resources and training assistance, both in Romanian and in a foreign language. 
· Objective self-evaluation of the need for continues training to labour market insertion and the adaptation to dynamic requirements of labour market.


6.2. Learning outcomes
	Knowledge
	After graduating this course the sudents are expected to:
· Demonstrate comprehensive knowledge of the fundamental physical principles underlying nanomaterials, including size, dimensionality, and mesoscopic effects on material properties.
· Understand the main classes of nanomaterials (0D, 1D, 2D, and 3D), their synthesis routes (e.g., nanoclusters, nanowires, superlattices, and carbon-based nanostructures), and their structural characteristics.
· Explain the theoretical basis and practical use of advanced characterization techniques for nanomaterials, including X-ray diffraction, X-ray absorption spectroscopy (XANES, EXAFS), and direct diffraction pattern analysis.
· Describe nanopatterning and nanofabrication techniques, including lithographic, self-assembly, and scanning probe-based approaches, and their resolution limits.
· Explain the operating principles and application domains of nanomaterials and nanodevices in nanoelectronics, photonics, sensing, catalysis, energy conversion, biological systems, and emerging quantum and neuromorphic technologies.

	Skills
	After completing the course, students are expected to:
· Analyze how size, dimensionality, and surface effects influence the physical, electronic, optical, and magnetic properties of nanomaterials.
· Select appropriate synthesis, fabrication, and patterning techniques for specific nanomaterials and functional requirements.
· Interpret experimental data from nanoscale characterization techniques, including diffraction, spectroscopy, and microscopy, with particular attention to nanospecific signatures.
· Evaluate the structure–property–function relationships in nanomaterials and nanodevices and assess their suitability for targeted applications.
· Integrate concepts from nanoscience, materials physics, and device engineering to critically analyze existing and emerging nanotechnological applications.

	Responsibility
and autonomy:
	After completing the course, students are expected to:
· Take responsibility for the correct and safe use of nanomaterial synthesis, fabrication, and characterization tools, adhering to good laboratory and ethical practices.
· Exercise autonomous judgment in selecting theoretical models, experimental methods, and characterization techniques appropriate for nanoscale systems.
· Critically assess the reliability, limitations, and uncertainties of experimental data and theoretical interpretations in nanoscience.
· Take responsibility for communicating nanomaterials concepts, experimental results, and technological implications clearly and accurately to audiences with diverse scientific and engineering backgrounds.
· Demonstrate awareness of the societal, environmental, and ethical implications of nanomaterials and nanotechnologies, particularly in emerging and high-impact applications.



7. Objectives of the discipline (outcome of the acquired competencies)
	7.1 General objective of the discipline
	· Acquiring notions on the experimental and theoretical techniques and methods concerning preparation, structures and properties of the nanostructured and mezoscopic sized materials.
· Acquire fundamental notions on mezoscopic physics and principles of tailoring the properties of materials at mesoscopic scale by size, shape and dimensionality.

	7.2 Specific objective of the discipline
	· Introduction on general characteristics of nanomaterials
· Acquiring competences on preparation methods of nanomaterials
· Acquiring competences on specific characterization techniques 
· Introduction on standard and emergent applications of nanostructured materials



8. Content
	8.1 Course
	Teaching methods
	Remarks

	1. Introduction. Why nanomaterials? Nanomaterials for nanoscience and nanotechnology. Characterization of nanophase materials.
	
Lecture combined with debates. 

The video projector and the blackboard will be used. 

For online teaching specific platforms: MsTeams, Zoom, Skype will be used.
	2h

	2. Nanostructured materials preparation. Nanoclusters and nanocrystals.  Nanoclusters synthesis. Semiconductor nanoparticles.
	
	2h

	3. Nanowires
	
	2h

	4. Super-lattices. Nanoparticle clusters. Passivation. Carbon based materials.
	
	2h

	5. Fullerene. Carbon nanotubes. SWCN’s. MWCN’s. Preparation and characterization. Physical properties.
	
	2h

	6. X-ray characterization of nanoparticles. Diffraction in small particles case. Crystalline and noncrystalline particles.
	
	2h

	7. Direct analysis of nanoparticles diffraction patterns. X-ray absorption spectroscopy. XANES. EXAFS. Characteristic features of nanoparticles in EXAFS. EXAFS signal extraction.
	
	2h

	8. Elements of mesoscopic physics. Characteristic length scales of Physical Properties. Tailoring of functional physical properties by size and dimensionality.
	
	2h

	9. Fabrication and characterization at the nanoscale. Classes of nanomaterials (0D, 1D, 2D, 3D) and review on specific elaboration and characterization techniques.
	
	2h

	10. Pattering techniques of nanostructures and nano-systems/nanodevices. Photolithography and resolution enhancement techniques. Other photon-based lithography. Extreme UV, X-Ray. Electron-beam, Focused Ion Beam, Nanoimprint, Scanning Nano-probe Techniques. Soft lithography. Self-assembling.
	
	4h

	11. Applications of nanomaterials and patterned nanostructures and devices I. Nano-mechanics, nanomachines and nanodevices: microelectromechanical systems (MEMS), nanoelectromechanical systems (NEMS), molecular and supramolecular switches. Biological applications. Nanobots. Catalysis. Nanomaterials for advanced photovoltaic cells. 	
	
	2h

	12. Applications of nanomaterials and patterned nanostructures and devices II. Nanoscale electronics (molecular electronics and nanoelectronics). Information manipulation in classic and quantum technologies. Sensors. Data storage and processing. Logic devices.  Band gap engineered quantum devices (quantum well and quantum dot devices). Photonic, magnonic crystals, plasmonic waveguides: applications in integrated nanophotonic circuits.
	
	2h

	13. Quantum nano-materials and devices. Topological materials: topological insulators, Dirac and Weyl semi-metallic nanostructures, topologic superconductors Majorana boundary states. Applications in neuromorphic and quantum technologies: quantum communication and quantum, probabilistic, neuromorphic (artificial intelligence) computing.
	
	2h

	Bibliography
Compulsory:
1. Z. L. Wang (editor), Characteriyation of Nanophase Materials, Ed. Wiley-VCH, Weinheim, New York, Chichester, Brisbane, Singapore, Toronto, 2000 
2. Gunter Schmid (editor) Nanoparticles. From Theory to Applications, Ed. Wiley-VCH, Weinheim, 2004
3. M.Kohler, W. Fritzsche, Nanotecnology, Ed. Wiley-VCH, Weinheim, 2004
4. A.S.Edelstein, R.C. Cammarata (editors), Nanomaterials: Synthesis, Properties and Applications, Institute of Phys., London, 1996
5. F.J.Himpsel, J.E.Ortega, G.J.Mankey, R.F.Willis, Magnetic nanostructures, Advances in Phys, Vol.47, Nr. 4, 511-597, 1998 
6. Z.I.Wang, Elastic and Inelastic Scattering in Electron Diffraction and Imaging, Plenum Pub.Co, New York, 1995
7. Liz-Marzán, Luis M., Kamat, Prashant V., Nanoscale materials, Kluver Academic Press, 2003
8. J. Zhang, Z. Wang, J.Liu, S.Chen, G.Liu, Self Assembled Nanostructures, Ed.Springer, 2002
9. H. Mushahid, H.K. Zishan, Advances in Nanomaterials, Springer, 2016
10. S. Datta, Electronic Transport in Mesoscopic Physics, Cambridge University Press ISBN: 9780511805776 , 1995.
11. Y. Imri, Introduction to Mesoscopic Physics, Oxford University Press, 1997.
12. C. P. Poole Jr, F. J. Owens, Introduction to Nanotechnology, A John Willey & Sons Inc, 2003.
13. G. Cao, Nanostructures and nanomatrials, Synthesis, Properties & Applications, Imperial College Press, 2004.
14. M. A. Nielsen, I. Chuang, Quantum Computation and Quantum Information, Cambridge University Press, 2010.
Optional:
1. Journal of Nanoscience and Nanotechnology
2. http://xxx.lanl.gov/archive/cond-mat
3. Journal of Nanomaterials
4. F. Giustino et al, J. Phys. Mater. 3 (2020) 042006, The 2021 quantum materials roadmap.

	8.2 Seminar / laboratory
	Teaching methods
	Remarks

	1. Self-Assembled Germanium Nano-Islands on Silicon and Potential Applications.
2. Carbon Nanotube Engineering and Physics.
	Presentations. Correlations between experimental results and theoretical models. Discussions.

The attendance to the presentation of colleagues is compulsory.

The video projector and the blackboard (seminar) will be used.

In case of online teaching, specific platforms: MsTeams, Zoom, Skype will be used.
	2h

	3. Zinc Oxide-Based Nanostructures. Bulk Metal and Ceramics Nanocomposites.
	
	2h

	4. Polymer-based and Polymer-filled Nanocomposites
5. Nanocomposites.
	
	2h

	6. High Resolution Electron Microscopy of Surfaces and Interfaces.
7. Biomaterial-Nanoparticle Hybrid Systems: Synthesis, Properties, and Applications
	
	2h

	8. Scanning Tunneling Microscopy (STM) and spin-polarized STM.
9. Magnetic Force Microscopy and other Scanning Probe Microscopy modes.
	
	2h

	10. Magnetic nanostructures and nanodevices: form properties to applications.
11. Biomedical applications based on magnetic nanoparticles magnetic nanoparticles.
12. Applications of magnetic nanostructures in information classic and quantum technologies.
	
	2h

	13. Electron Microscopy of Fullerenes and Related Materials
14. Nuclear Magnetic Resonance-Characterization os Self Assembled Nanostructural Materials.
	
	2h

	Bibliography
Compulsory:	
1. Z. L. Wang (editor), Characteriyation of Nanophase Materials, Ed. Wiley-VCH, Weinheim, New York, Chichester, Brisbane, Singapore, Toronto, 2000 
2. Gunter Schmid (editor) Nanoparticles. From Theory to Applications, Ed. Wiley-VCH, Weinheim, 2004
3. M.Kohler, W. Fritzsche, Nanotecnology, Ed. Wiley-VCH, Weinheim, 2004
4. A.S.Edelstein, R.C. Cammarata (editors), Nanomaterials: Synthesis, Properties and Applications, Institute of Phys., London, 1996
5. F.J.Himpsel, J.E.Ortega, G.J.Mankey, R.F.Willis, Magnetic nanostructures, Advances in Phys, Vol.47, Nr. 4, 511-597, 1998 
6. Z.I.Wang, Elastic and Inelastic Scattering in Electron Diffraction and Imaging, Plenum Pub.Co, New York, 1995
7. Liz-Marzán, Luis M., Kamat, Prashant V., Nanoscale materials, Kluver Academic Press, 2003
8. J. Zhang, Z. Wang, J.Liu, S.Chen, G.Liu, Self Assembled Nanostructures, Ed.Springer, 2002
9. H. Mushahid, H.K. Zishan, Advances in Nanomaterials, Springer, 2016
10. B. Voigtlander, Scanning Probe Microscopy: Atomic Force Microscopy and Scanning Tunneling Microscopy, Springer-Verlag Berlin Heidelberg (2015).
Optional:
1. Journal of Nanoscience and Nanotechnology.
2. http://xxx.lanl.gov/archive/cond-mat
3. Specialized scientific journals: e.g. Journal of Nanomaterials, Nanomaterials, Apllied Physics Letters, etc.
4.  https://cen.acs.org/analytical-chemistry/imaging/30-years-moving-atoms-scanning/97/i44



9. Corroborating the content of the discipline with the expectations of the epistemic community, professional associations and representative employers within the field of the program
	· The course content is consistent with the curricula of other Romanian and foreign universities being adapted to the peculiarities of research activity at Babes-Bolyai University. To adapt to the requirements of the labour market, the content of these lectures was adjusted to the specific requirements of university education, research institutes and industry.



10. Evaluation
	Activity type
	10.1 Evaluation criteria
	10.2 Evaluation methods
	10.3 Percentage of final grade

	10.4 Course
	Understanding of the physical phenomena in nanostructured materials and capacity to make connexion between the results obtained by different techniques.
	Written examination
	


70 %

	10.5 Seminar/laboratory
	Integrated use of conceptual and methodological apparatus to solve theoretical and practical problems.
Nuanced and meaningful use criteria and assessment methods to make valuable judgments and promote constructive decisions.
	Lecture on an imposed theme, with public presentation.
Lecture and laboratory work to strengthen experimental skills. 
	30%

	
	
	The attendance to the presentation of colleagues is compulsory.
	

	10.6 Minimum standard of performance

	· Understanding of basic Physics in nanomaterials.
· Knowledge on main experimental and theoretical approaches in nanomaterial science.
· Planning and carrying of specific experiments in nanomaterials science.
· Getting more than 50% of the total final mark.



11. Labels ODD (Sustainable Development Goals)[footnoteRef:2] [2:  Keep only the labels that, according to the Procedure for applying ODD labels in the academic process, suit the discipline and delete the others, including the general one for Sustainable Development – if not applicable. If no label describes the discipline, delete them all and write „Not applicable.”.] 
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	Date:
7.01.2026
	Signature of course coordinator
	Signature of seminar coordinator
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	Date of approuval by the department:

	Signature of the head of department
SL. Dr. Mihai VASILESCU
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