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Kursa izstradatajs

vad.patn. Aleksejs Kuzmins
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Studiju kursa anotacija

Kurss sniedz teorétiskos un eksperimentalos pamatus mikroskopijas un spektroskopijas metozu apguvé un to pielietojumam
materialzinatnes joma.

Studiju kursa kalendarais plans

. Skenéjosa un transmisijas elektronu mikroskopija (L8, Ld8)

. Skenéjosa zonzu mikroskopija (L4, Ld4)

. Skenéjosa tunelstravas mikroskopija (L4)

. Rentgenabsorbcijas spektroskopija (L4, Ld4)

. Rentgenstaru un neitronu difrakcija (L4, Ld4)

. Masspektrometrija un rentgena fluorescences spektrometrija (L4, Ld4)

. Rentgenstaru un ultravioleta starojuma fotoelektronu spektroskopija (L4)

© NoOObhWN-~

. levads modernajas un aktualajas materialu izpétes tehnologijas (L8)

Studiju rezultati

Kursa ietvaros studenti apgis fundamentalas zindSanas par modernam eksperimentalajam metodém, kuras pielieto materialu
elektroniskas un atomaras struktdras pétisanai.

Péc kursa apguves:

1) studenti zinas un izpratls pamatprincipus un iesp&jamos pielietojumus elektronu un skené$anas mikroskopijam,
rentgenstaru absorbcijas un fluorescences spektroskopijam, rentgenstaru un ultravioleta starojuma fotoelektronu
spektroskopijam, masspektrometrijai, rentgenstaru, elektronu un neitronu difrakcijam, ka art citm modernajam un aktualajam
materialu izpétes tehnologijam.

2) studentiem bus praktiskas prasmes un kompetences elektronu un skenéSanas mikroskopija, rentgenstaru difraktometrija,
rentgena fluorescences spektrometrija un massspektrometrija, ka ari rentgenabsorbcijas spektru datu analzé.

Prasibas kreditpunktu iegtiSanai
Laboratorijas darbi — 50%, rakstiskais eksamens — 50%.

Kursa saturs

1. Skenéjosa un transmisijas elektronu mikroskopija.

levads mikroskopija un izSkirtspéjas ierobezojosajos faktoros. Elektronu mijiedarbiba ar cietvielam. Elektronu mikroskopijas
pamati. Masdienigu skené&jo$o elektronu mikroskopu (SEM) un transmisijas elektronu mikroskopu (TEM) uzbive. Elektronu
veidoto attélu registréSanas sistémas (SE, BSE, CL, BF DF, HAADF, u.c.) Papildus eksperimentalo metoZzu (EDX, EELS,
SADP, CBED, CL) pielietojums. Fokuséta jonu kila (FIB) mikroskopija un paraugu sagatavo$ana.

Laboratorijas darbi: paraugu sagatavosana SEM un TEM izmeklgjumiem, SEM attélu iegiSana, EDX pielietoSana SEM, TEM
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un augstas izSkirtspéjas TEM izmekIgjumi.

2. Skengjoso zonzu mikroskopija.

Atomspéku mikroskopijas darbibas pamatprincipi. DaZadie darba reZimi: kontakta, bezkontakta, pastarpinata kontakta.
Atvasinatas metodes: skenéjosa tuva lauka optiska mikroskopija, magnétisko spéku mikroskopija, spéka modulacijas
mikroskopija. Atomspéku mikroskopijai pieméroti paraugi, eksperimentalie iestatljumi un prieksnosacijumi. Attélu artefakti un
to céloni. Skeng&josai zonZzu mikroskopijai pietuvinatas metodes kvantitativai materialu mehanisko Tpasibu raksturo$anai.
Laboratorijas darbi: virsmas morfologijas raksturo$ana izmantojot atomspéku mikroskopu.

3. Skenéjosa tunelstravas mikroskopija.

levads skenéjo3aja tunelstravas mikroskopija (STM). Viendimensionala elektronu tuneléSana. STM uzbuve un pielietoSana.
Topografijas attélu iegiSana ar STM: konstantas stravas un konstanta augstuma rezimi. STM attélu interpretacija un artefakti.
Tunelstravas spektroskopija: no sprieguma atkariga STM attélu ieglSana, skengjo3a tunelstravas spektroskopija konstantas
stravas reZima, lokali stravas-sprieguma mérijumi pie nemainiga paraugs-zonde attaluma. Pielietojumi: pusvaditaju, metalu
un slanainu materialu vizualizacijai; organiskajiem materialiem: Lengmira-Blodzeta kartinam un DNS molekulu vizualizacijai.

4. Rentgenabsorbcijas spektroskopija.

Radiacijas mijiedarbiba ar vielu: neelastiga izkliede. Lokala atomara struktdra. Paru (radiala) un n-atomu sadalijuma funkcijas.
Sinhrotrona starojums. Rentgenstaru optika. Rentgenabsorbcijas spektroskopija: teorija, eksperimenti un pielietojumi.
Laboratorijas darbi: rentgenabsorbcijas spektru analize un strukturalas informacijas iegtisana.

5. Rentgenstaru un neitronu difrakcija.

Radiacijas mijiedarbiba ar vielu: elastiga izkliede. levads kristalografija. Kristaliska struktara: kristalu simetrija, elementara
$0na, Bravé rezgis, Millera indeksi, kristalografiskas plaknes un virzieni. Polimorfisms. Brega difrakcija. Laues, rotéjosa
kristala un Debaja-Sérera (pulvera) difrakcijas metodes. Rietvelda metode. Rentgenstaru un neitronu pilna izkliede. Paru
sadalfjuma funkcijas analize.

Laboratorijas darbi: strukturalas informacijas iegli$ana ar rentgenstaru difrakciju.

6. Masspektrometrija un rentgenfluorescences spektrometrija.

Masspektrometrijas pamatprincipi. Jonu avotu un masas analizatoru tehniska realizacija. Kvadrupola, lidojuma-laika-izSkirtie,
jonu lamatu, Furjé transformacijas ciklotronu rezonanses un elektromagnétiski atdaloSie masas analizatori. Organisko un
neorganisko vielu massspektrometrija. Tandema masspektrometri, kombinacijas ar hromatografiju. Spektru analize.
Rentgenstaru fluorescences fizikalie principi. Rentgenstaru absorbcija un emisija. Energiju-dispersa un vilna-garumu dispersa
rentgenstaru spektrometrija. Telpiska izSkirSana. rentgenstaru mikrofokusé$ana. Kimisko elementu analize elektronu
mikroskopija. Kvantitativa analize ar fundamentalo parametru metodi un ar standarta references paraugu metodi. Planu
kartinu analize.

Laboratorijas darbi: Kimisko elementu sastava noteikSana, lietojot rentgenstaru fluorescences analizi.

7. Rentgenstaru un ultravioleta starojuma fotoelektronu spektroskopija.

Rentgenstaru fotoelektronu spektroskopijas (RFS) un ultravioleta starojuma fotoelektronu spektroskopijas (UFS) fizikalie
aspekti — atoma ierosme un serdes elektronu izstaroSana. RFS un UFS spektru analize (atomarais sastavs un valences
stavoklis). Valences zonas analize, izmantojot RFS un UFS. Metozu tehniska realizacija.

8. levads modernajas un aktualajas materialu izpétes tehnologijas.
Rentgenstaru mikroskopija. Fotoelektronu emisijas mikroskopija (PEEM). Rentgenografija un neitronografija. Tomografija.
Rentgenstaru un neitronu neelastiga izkliede. Rentgenstaru rezonanses neelastiga izkliede (RIXS).

Rentgenstaru un neitronu mazo lenku izkliede. Brivo elektronu lazeri.

Obligati izmantojamie informacijas avoti

1. A.Kuzmins, Materiali kursam ,Mikroskopijas un spektroskopijas pétijumu metodes”, Moodle vidé.

2. R. F. Egerton, Physical Principles of Electron Microscopy: An Introduction to TEM, SEM, and AEM (Springer, 2005).
3. D. Sarid, Scanning Force Microscopy (Oxford University Press, 1994).

4. S. Mobilio, F. Boscherini, C. Meneghini, Synchrotron Radiation: Basics, Methods and Applications

(Springer-Verlag, 2015).

Papildus informacijas avoti

1.sadala

1. D. B. Williams, C. B. Carter, Transmission Electron Microscopy: A Textbook for Materials Science (Springer, 2009).

2. P.J. Goodhew, J. Humphreys, R. Beanland, Electron Microscopy and Analysis, Third Edition 3rd Edition (Taylor & Francis,
2001).

3. L. Reimer, H. Kohl, Transmission Electron Microscopy: Physics of Image Formation (Springer, 2008).

2.sadala

1. E. Meyer, H. J. Hug, R. Bennewitz, Scanning Probe Microscopy: The Lab on a Tip (Springer-Verlag Berlin Heidelberg,
2004).

2. 8. V. Kalinin, A. Gruverman, Scanning Probe Microscopy of Functional Materials: Nanoscale Imaging and Spectroscopy
(Springer, 2010).

3.sadala

1. R. Wiesendanger, Scanning Probe Microscopy and Spectroscopy: Methods and Applications (Cambridge University Press,
1998).

2. B. Bhushan, H. Fuchs, S. Hosaka (Eds.), Applied Scanning Probe Methods (Springer-Verlag Berlin Heidelberg, 2004).

4.sadala

1. P. Willmott, An Introduction to Synchrotron Radiation (John Wiley and Sons, 2011)

2. G. Bunker, Introduction to XAFS (Cambridge University Press, 2010)

3. S. Calvin, XAFS for everyone (CRC Press, 2013)

4. J.A. Van Bokhoven, C. Lamberti, X-Ray Absorption and X-Ray Emission Spectroscopy: Theory and Applications (Wiley,
2016).
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dala

uryanarayana, M. Grant Norton, X-Ray Diffraction: A Practical Approach (Springer, 1998).

. Kisi, Ch. J. Howard, Appllcatlons of Neutron Powder Diffraction (Oxford University Press, 2008).
Dlnnebler S.J. L. B|II|nge Powder Diffraction: Theory and Practice (RSC Publishing, 2008)

Pecharsky, P. Y. Zavalij, Fundamentals of Powder Diffraction and Structural Characterization of Materials (Springer,
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6.sadala

1. B. Beckoff, B. Kanngiesser, N. Langhoff, R.Vedell, H.Wolff (eds.) Handbook of practical X-ray Fluorescence analysis
(Springer, Berlin Heidelberg New York 2006, 863 pages).

2. R.Tertian, F.Claisse Principles of quantitative X-ray fluorescence analysis (Heyden London, Philadelphia, Rheine, 1982, 385
pages).

3. E. de Hoffmann, V. Stroobant, Mass Spectrometry: Principles and Applications (3rd Edition,Wiley 2007, 489 pages).

7.sadala

1. Paul van der Heide, X-ray Photoelectron Spectroscopy: An introduction to Principles and Practices (Wiley, 2012).

2. J. M. Wagner, X-ray photoelectron spectroscopy (Nova Science Publishers, 2011).

3. S. Hofmann, Auger- and X-Ray Photoelectron Spectroscopy in Materials Science (Springer-Verlag Berlin Heidelberg,
2013).

8.sadala

1. P. Willmott, An Introduction to Synchrotron Radiation (John Wiley and Sons, 2011)

2. J. Guo, X-Rays in Nanoscience Spectroscopy, Spectromicroscopy, and Scattering Techniques (WILEY-VCH, 2010).

3. L. A. Feigin, D. |. Svergun, Structure Analysis by Small-Angle X-Ray and Neutron Scattering (Springer, 1987).

4. W. Reimers, A. R. Pyzalla, A. Schreyer, H. Clemens, Neutrons and Synchrotron Radiation in Engineering Materials Science
(WILEY-VCH, 2008).

5. C.S.S.R. Kumar, X-ray and Neutron Techniques for Nanomaterials Characterization (Springer-Verlag, 2016).

Periodika un citi informacijas avoti

1.sadala

1. A.Blelocha, A.Lupini, Imaging at the picoscale, Materials Today 7 (2004) 42-48. DOI: 10.1016/S1369-7021(04)00570-X.
2. G.M. Vanacore, A.W.P. Fitzpatrick, A.H. Zewail, Four-dimensional electron microscopy: Ultrafast imaging, diffraction and
spectroscopy in materials science and biology, Nano Today 11 (2016) 228-249. DOI: 10.1016/j.nantod.2016.04.009.

2.sadala

1. Journal of Microscopy, http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2818

2. Microscopy and Analysis, http://www.microscopy-analysis.com/

3. AFM bibliography (On request), http://nano.em.keysight.com/index.php/afm-bibliography
4. Free SPM image processing software, http://gwyddion.net/

5. http://www.ntmdt-si.com/spm-principles/view/atomic-force-microscopy

3.sadala

. https://www.youtube.com/watch?v=BcgG3Cp8QQY

. http://www.eng.utah.edu/~lzang/images/Lecture_6_STM.pdf

. http://www.ntmdt-si.com/spm-principles/view/constant-current-mode

. un 5.sadalas

. Synchrotron Radiation News, A Taylor & Francis Journal. http://www.tandfonline.com/
. Neutron News, A Taylor & Francis Journal, http://www.tandfonline.com/

. European Synchrotron Radiation Facility (ESRF), http://www.esrf.eu/

. European XFEL facility, http://www.xfel.eu/

AWON-_2B WON=-

6.sadala

1. M. West, A.T. Ellis, P. Kregsamer, P.J.Potts, Ch. Streli, Ch. Vanhoof, P. Wobrauschek, Atomic spectrometry update. X-ray
fluorescence spectrometry, J. Analytical. Atomic Spectrometry 22 (2007) 1304-1332, DOI: 10.1039/b712079f.

2. E. J. Finehout, K H. Lee, An Introduction to Mass Spectrometry Applications in Biological Research, Biochem. Mol. Biol.
Edu. 32, 93-100 (2004). DOI: 10.1002/bmb.2004.494032020331.

3. http://www.spectroscopyonline.com/x-ray-spectroscopy

4. http://www.spectroscopyonline.com/mass-spectrometry-13

5. https://www.nist.gov/pml/x-ray-form-factor-attenuation-and-scattering-tables

7.sadala

1. https://srdata.nist.gov/xps/Default.aspx (NIST X-ray Photoelectron Spectroscopy Database)

2. https://www.journals.elsevier.com/journal-of-electron-spectroscopy-and-related-phenomena (Journal of Electron
Spectroscopy and Related Phenomena)

3. http://avs.scitation.org/journal/sss (Surface Science Spectra)

8.sadala
1. European Synchrotron Radiation Facility (ESRF), http://www.esrf.eu/

2. European XFEL facility, http://www.xfel.eu/
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