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Overview
Studying advanced methods in microscopy is of paramount importance for several reasons. Firstly, these techniques enable scientists and researchers to delve deeper into the microcosm of biological and physical systems, providing a better understanding of intricate structures and processes. For instance, super-resolution microscopy surpasses the diffraction limit, allowing visualization of subcellular structures and molecular interactions at unprecedented resolutions, revolutionizing our comprehension of cellular dynamics and disease mechanisms. Secondly, advanced microscopy methods have far-reaching implications in diverse fields. In medicine, they play a pivotal role in diagnosing diseases and monitoring treatment effectiveness. In material science, they aid in developing new materials with enhanced properties, crucial for innovations in various industries. Furthermore, in environmental science, advanced microscopy helps analyze nanoparticles and pollutants, contributing to environmental conservation efforts. Thirdly, these techniques empower researchers to conduct non-invasive and in vivo studies, reducing the need for destructive or invasive procedures, thereby minimizing harm to living organisms. This ethical dimension underscores the significance of advanced microscopy in ensuring humane and responsible research practices.
The study of advanced microscopy methods is vital as it unlocks the hidden secrets of the microscopic world, fuels scientific breakthroughs, and promotes ethical research across numerous domains, ultimately driving progress and innovation in society.
Learning outcomes
On successful completion of this course, students should have the skills and knowledge to:
· Ability of the students to apply theoretical knowledge while selecting the right microscopy for the investigations, to acquire practical skills to prepare samples, to work with a scanning electron microscope, to use supplementary units of the microscope, to analyze the obtained images, to use high tension and vacuum equipment;
· Ability of the student to keep the track of latest investigations and applications of microscopy, deliver to the audience a selected scientific publication, to discuss with colleagues on microscopy topics;
· Ability of the student to work with scientific and commercial literature, lecture material, preparatory work for the laboratory tasks and delivery of presentations;
· Ability to self-learn, to understand problems in the field and to suggest/find solutions to solve these problems.
Content
· (topic 1) Scanning near-field optical microscopy (SNOM). Theoretical background. SNOM technique
· (topic 2) Confocal scanning microscopy. Optical schemes. 4Pi confocal scanning microscopy. Ways to improve the resolution
· (topic 3) Non-linear optical microscopy. Second harmonic generation microscopy. Sum frequency generation microscopy. Third harmonic generation microscopy. Coherent anti-Stokes Raman scattering microscopy. Non-linear optical microscopies in the near field. Two- and three-photon excitation fluorescence microscopy. Scientific and commercial systems.
· (topic 4) Super-resolution microscopy. Qualities and perspectives of STORM, PALM and STED. Differences in transition schemes of STED, GSD and RESOLFT methods. Structured illumination super-resolution microscopy. Cryo-electron microscopy.
· (topic 5) Atomic force microscopy (AFM). Working procedure and technical solutions. Tips and resolution. Features to create an image. Physics about forces in atomic force microscopy. Dynamic atomic force microscopy. Harmonic oscillator. Amplitude modulation method. Frequency modulation method. Commercial atomic force microscopes.
· (topic 6) Magnetic force microscopy. Theoretical background. Measurement regimes. Formation of an image and analysis. Technical solutions.
· (topic 7) Scanning tunneling microscopy (STM). Theoretical background. Inelastic tunneling through vacuum. Structure of the scanning tunneling microscope. Tip production and preparation. Scanning tunneling spectroscopy.
· (topic 8) Transmission electron microscopy (TEM). Historical overview. Structure and working procedure. Characteristics of an optical system. Beam condenser. Image formation system. Beam diffraction and analysis. Reciprocal space. High resolution transmission electron microscope (HRTEM).
· (topic 9) Scanning electron microscopy (SEM). Structure and working procedure. Electron beam control. Image formation and pixel. Focusing peculiarities. Minimal spot. Contrast and minimal current. High resolution scanning electron microscope.
· (topic 10) Other advanced microscopies. X-ray microscopy. Acoustic microscopy. Microscopy of organic materials. Surface wave microscopy. Photon force microscopy etc.
· (topic 11) Material and device analysis: an overview. Microspectroscopy (FT-IR, UV-VIS-NIR, Raman, Auger). X-ray microanalysis and fluorescence. Material microanalysis and crystal structure investigation using TEM and SEM. EELS. EBSD. XEDS. EBIC.
· (topic 12) Historical microscopes. Microscopy of the future. T.Musoptin. Historical overview and development of microscopes during XIX-XX centuries.
· (topic 13) Presentation-discussion about recent commercial journals on microscopy.
· (topic 14) Presentation-discussion about recent investigations on microscopy topic published in outstanding scientific journals.
· (topic 15) Get acquainted and practiced individually with a scanning electron microscope Apollo 300 equipped with EDX and EBIC.
· (topic 16) Get acquainted with modern microscopy technique and been introduced with the latest achievements at scientific centers in Vilnius (AFM at the Institute of Physical Chemistry, Physics Faculty, Vilnius University; AFM, SNOM, confocal microscopes and SEM at the Institute of Photonics and Nanotechnology, Physics Faculty, Vilnius University; TEM and SEM+FIB at the Center for Physical Sciences and Technology).

Teaching methods
· Lectures: 32 hours
· Seminars: 16 hours
· Practical work: 16 hours in order to implement concepts introduced in the lectures, to practice on real applications and to train students
Study materials	
· Science of Microscopy, Peter W. Hawkes, John C. H. Spence., Springer Science + Business Media, LLC, New York (2006).
· Fundamentals of Light Microscopy and Electronic Imaging, Douglas B. Murphy Davidson, Michael W., John Wiley & Sons, New Jersey (2012).
· Scanning Probe Microscopy, Nikodem Tomczak, Kuan Eng Goh, World Scientific Publishing Co Pte Ltd, Singapore (2010)
· Tutorials, lectures and notes provided by the course instructor.
Assumed Knowledge
· Knowledge of basic physics at the level of first-cycle studies.
· Material science basics.
Evaluation criteria
· Written exam 50%
· Practical work 25%
· Seminars 25%
