Methods of materials diagnostics

1. The name of the educational program, within the framework of which the discipline is read

Master's program "Nanoscale structure of materials" in the direction 03.04.02 "Physics".
2. Total labor intensity

12 ZET, 432 hours. Discipline is realized in the first and second semesters of the 1 st year of magistracy.

In the first semester - 6 ZET, 216 hours, of which lectures - 18 hours, laboratory - 36 hours, independent work - 135 hours, hours for the exam - 27 hours.

In the second semester - 6 ZET, 216 hours, from them lectures - 18 hours, laboratory - 72 hours, independent work - 90 hours, hours for examination - 36 hours.
3. The place of discipline in the structure of the educational program

To study this academic discipline the knowledge of the basics of general physics and condensed state physics are necessary.

The academic disciplines for which demands the knowledge and skills formed by the “Methods of materials diagnostics” discipline are Research seminar, Internship, Pre-diploma internship.

4. The purpose of studying the discipline

The purpose of mastering the discipline "Methods of Materials Diagnostics" is to provide students with a systematic presentation of methods for diagnostics of materials, mainly in the nanoscale state, developing skills and gaining experience on laboratory diagnostic equipment.
5. Content of the discipline

Module 1. "Interaction of electromagnetic radiation with matter".

Subject and objectives of the course. The concept of the structure of materials, specific requirements for the methods of diagnostics of nanoparticles and nanomaterials. General characteristics of methods for studying, analyzing and diagnosing bulk and nanostructured materials. The defining importance of analytical methods in research practice and for the creation of nanomaterials with specified properties and quality control of materials and devices.

Electromagnetic radiation. Spectrum of electromagnetic radiation. Radio waves, microwave radiation, infrared radiation, visible light, ultraviolet radiation.

 X-ray radiation. The history of the discovery of X-rays. Brake and characteristic X-ray radiation.

Classification of the effects of interaction of X-rays with matter. The phenomena accompanying the passage of X-rays through matter. The law of absorption of X-rays. Refraction of X-rays. Fluorescent radiation.

Methods of obtaining X-rays. X-ray sources: X-ray tube, SI. Advantage of SI. Monochromatization of X-ray radiation. X-ray detectors. Modern synchrotron centers.

Theoretical bases of diffraction methods for studying the structure of materials. X-ray methods for studying the structure of nanomaterials. Scattering of X-rays by an electron. Polarization of scattered radiation. Scattering of atoms is the atomic amplitude of coherent X-ray scattering. Scattering by a crystal is the structural scattering amplitude. Effect of temperature on the intensity of the diffraction pattern. The integral reflection coefficient.

Methods for recording the X-ray diffraction pattern. Work of the X-ray diffractometer. Method of a polycrystal (Debye-Scherer). The geometry of the X-ray diffraction patterns and the intensity of the diffraction maxima on X-ray diffraction patterns of polycrystals. Calculation and indications of radiographs.

An analysis of the broadening of the profile of X-ray diffraction maxima. Estimation of the size of nanocrystals.

Module 2. "X-ray spectral methods of material diagnostics".

X-ray spectral analysis of the elemental composition of matter. Micro-X-ray spectral analysis, device layout, application features. Analytical possibilities of the method.

X-ray emission spectroscopy. Systematics of X-ray emission strips. Dipole and quadrupole selection rules. Technique of the experiment.

X-ray absorption spectroscopy. Absorption coefficient. Fine structure of X-ray absorption spectra (XAFS). Systematics of the spectra of X-ray absorption. Near fine structure of X-ray absorption spectra (XANES). Extensive fine structure of X-ray absorption spectra (EXAFS). Polarization dependence of X-ray absorption spectra.

Method of experimental research. Methods of recording spectra. Technique on the passage. Method for recording X-ray fluorescence. Method for recording the electron current. Energy resolution of X-ray absorption spectra.

Isolation of structural information from the spectra of EXAFS. Function of radial distribution of atoms.

Isolation of structural information from the XANES spectra. A method of a fingerprint. Rule of Natoli. Interpretation of X-ray absorption spectra within the one-electron approximation. Many-electron effects. Theory of multiple scattering. The finite difference method.

Method of multidimensional interpolation of X-ray absorption spectra.

Spectroscopy of X-ray magnetic circular dichroism (XMCD). Fundamentals of the theory. Investigation of magnetic materials. The sum rule.

Spectroscopy of resonance inelastic X-ray scattering (RIXS).

Examples of X-ray spectral studies of metal-organic framework structures.

Module 3. "Optical methods of diagnostics".

Optical spectroscopy.

IR spectroscopy. History of the method. Fundamentals of vibrational spectroscopy. Types and energy of molecular vibrations. Characteristic oscillations. Absorption of radiation. The Bouguer-Lambert-Bera law.

Fundamentals of experimental technique. Dispersing and nondispersing IR spectrometers. Registration and processing of spectra.

IR-spectroscopy of transmission. IR absorption spectroscopy.

Examples of the application of IR spectroscopy for the study of nanoscale materials.

Electronic paramagnetic resonance (EPR).

Dynamic Light Scattering (DLS).

Module 4. "Special Methods of Research."

Scanning Probe Microscopy. Principles of the operation of scanning probe microscopes. Scanning elements of probe microscopes. Methods of scanning probe microscopy. Scanning tunneling microscopy. Atomic force microscopy (AFM). Contact and oscillatory methods in AFM. Electrosensor microscopy. Magnetic force microscopy. Near-field optical microscopy.

Electron microscopy. Scanning electron microscopy (SEM). The basic principles of electron-probe analysis and the interaction of an electron beam with a sample. SEM scheme and features of image formation. Types of contrast in SEM. Resolution and image quality. Preparation of samples of various materials for the study using SEM.

Transmitting electron microscopy (TEM). Analytical electron microscopy, methods of characterization of materials and information obtained with their help. Types of processes of energy losses of electrons during passage through the sample and characteristic ranges of energy losses. Loss of energy as a result of excitation of electrons of internal shells. The fine structure of the energy loss spectrum due to the excitation of internal shells. EELS. ELNES and EXELFS.

Methods for determining the surface area and measuring the porosity of solid materials. Determination of pore size of metal-organic framework structures.

Methods for determining the particle size and Z-potential (charge state) of nanomaterials.

Scattering of x-rays at small angles. Investigation of the structure of polymers and biological objects, determination of the sizes of colloidal particles.

Measuring the characteristics of the magnetic field and the magnetic properties of materials. Magnetometers.

Nuclear magnetic resonance.
6. Basic educational technologies

Within the framework of the discipline, the lecture work (lectures and laboratory classes) is combined with the out-of-class independent work of students.

Laboratory classes are conducted in the specialized laboratories of the Smart materials research institute on unique equipment of the world level:

- X-ray absorption spectrometer R-XAS Looper Rigaku, Japan;

- Two-dimensional micro X-ray fluorescence spectrometer M4 Tornado Bruker Corporation, Germany;

- VSM 7404 Vibration Magnetometer LakeShore Cryotronics, Inc. USA;

- X-ray diffractometer D2 PHASER Bruker Corporation, Germany;

- System for determination of surface area and measurement of porosity of solid materials ASAP 2020 Micrometrics, USA;

- Spectrophotometer UV-vis UV-2600 Shimadzu, Japan;

- Fluorescent spectrophotometer Cary Eclipse Agilent Technology, Malaysia;

- Infrared Fourier spectrometer Vertex 70 Bruker Corporation, Germany;

- Infrared Fourier spectrometer FSM 1202, Infraspek, Russia;

- Particle size analyzer NANO-Flex MicroTrac GmbH, Germany;

- Analyzer of Z-potential (charge state) of particles STABINO ParticleMetrix, Germany;

- Installation for electrochemical measurements PARSTAT 4000 Princeton Applied Research, USA.
7. Forms of control

The current control of the discipline provides for monitoring the attendance of lecture classes, monitoring the performance of laboratory work, ongoing testing.

Boundary control in the discipline provides for the protection of laboratory works, colloquiums.

Intermediate attestation in the first and second semesters is exam.
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