Tabesaa 5.1 Cneundukanija npeaMera Ha CTYIHjCKOM MPOTPaMy JOKTOPCKHX CTYIHja

Ha3ue npeamera: MeTosie kapaKkTepH3aiyje HAaHOMaTepyjaa

HacraBHuk niau HacTaBHuIM: Mupocnas JIpamuhannx

Craryc npeamera: u30opHU

bpoj ECIIB: 15

YcaoB: Ousuka YBPCTOI' CTalha b unn ]_I, win Ucniutupame MaTeij aJla, OJTHOCHO NPEAMETU CIIMYHOT ca,upmaja

Lnmb mpeamera: Y oKBHPY OBOT' Kypca CTYAEHTH Tpeba Jia yCBOje OCHOBHA 3Hama O CBOjCTBMMA MaTepHjaja
HaHoOMeTepckux amMmensuja. CryzaeHtn he OuTH ymo3Hatu ca (M3MKOM HHCTPYMEHTAJHMX METoJa Koje ce
KOpHCTE 32 KapakTepHu3alujy HaHoMmatepujaia. Takohe, crynentu he ce ynmo3HaTy ca pa3iMyUTUM IPUCTYUMa
3a aHANTM3y BEJIMKOT Opoja HaHOMaTepHjajia i HAHOCTPYKTYypa.

Hcxon npeamera:

ITo 3aBpmIeTKy Kypca cryneHTH he 6utn y moryhHOCTH 1!

- omMIIy M 00jacHe pa3nuKke y cBOjcTBUMA m3Mel)y MaTeprjaaa MUKPOHCKE BETMYMHE U HAHOMATEpHjaia, Kao U
Ja onuury 1 objacHe pusmuke PeHOMEHE KOjH Cy OJTOBOPHH 3a T€ Pa3JIvKe,

- OIIMIIY MOJICPHE MHCTPYMEHTAIIHE TEXHHUKE KOje Ce KOPUCTE 3a KapaKTepU3alHjy HaHOMaTepHjaia U Ja OIHILY
(bu3nYKe MPUHIMIE HA KOjUMa Ce Te TeXHUKE 3aCHUBA]Y,

- onuIy ¥ o0jacHe MPEJHOCTH U MaHE PA3IMYUTUX HHCTPYMEHTATHUX TEXHHKA KOj€ C& KOPHUCTE Yy
KapakTepu3aluji HaHOMaTepHjaja.

Canp:kaj npeamera

Teopujcka nacmaea

. YBOZ y HAHOHayKe M HAHOTEXHOJIOTH]e

. @yHaMeHaTaliHa CBOjCTBAa HAHOMATepHjaia

. IIpernen metona 3a KapaKkTepH3aljy MaTepHjana, KOHIENT aHaIN3e: YJla3-u3a3
. Audpaxmmja X-3paka, (iayopecreHIija HHAyKOBaHa X-3padcmheM

. Pacejame X-3paka peduekcuja X-3paka

. CkeHnpajyha Mukpockomnuja mpooom

. Ckennpajyha enexrponcka Mmukpockonuja (CEM)

. TpancmucroHa enekTpoHcka Mukpockomnuja (TEM)

9. Xemujcke aHanuse U eJaekTpoHcka nudpaxiuja Ha TEM ypehajuma

10. EfekTpoHCKa CIIEKTPOCKOMHja

11. Tepmasna aHanu3a, TEpMOJIMHAMIKA HAHOIUMEH3UOHHUX MaTepHjaa

12. Pacejame cBeTiioCTH

13. Mepema yarpadunux yectua y armochepu

14. Ontuuka criektpockonuja (YB-BuasbuBa, hoTosyMuHecieHIla, PamaH, enuncoMeTpuja)
15. Mepema Bean4rHE Opa ¥ CHeNUpHUIHE TTOBPIINHE HAHOYECTHIA

Ipakmuuna nacmasa: ne
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IIpenopyyena aureparypa

1. Guozhang Cao: Nanostructures and Nanomaterials, Imperial College Press, 2004

2. S. C. Singh, H.B. Zeng, Chunlei Guo, Weiping Cai: Nanomaterials: Processing and Characterization with
Lasers, Springer, 2012

3. Challa S.S.R. Kumar: UV-VIS and Photoluminescence Spectroscopy for Nanomaterials Characterization,
Springer 2013

4. Malkiat S. Johal, Lewis E. V. Johnson: Understanding Nanomaterials, CRC Press, 2011

Bpoj yacoBa akTHMBHE HacTaBe | Teopujcka HacraBa: 8 | IMpakTnyna Hactasa: 0

Mertone u3Boljera HacTaBe: pe/iaBamba, KOHCYJITAINje, CEMUHAD

Ouena 3Hama (Makcumasanu 0poj moena 100): yemenu ucnut 70 moena, cemunap 30 moeHa.

HaunH mpoBepe 3Hama MOTy OWTH pasziauyuTH : (MMCMEHHM WCIUTH, YCMEHHW HCIT, NpPE3CHTalHja IMpojeKTa,
CEMMHAPH UT/......

*MakcuMalHa aykHa | crpannma A4 gopmata




Table 5.1 Specification of subjects in the doctoral studies study program

Name of the subject: Nanomaterials Characterization Methods

Teacher(s): Miroslav Dramicanin

Status of the subject: elective

Number of ECIIB points: 15

Condition: Solid state physics B or C or Materials testing, or subject with similar contents.

Goal of the subject: 1) Develop basic understanding of materials properties at nanoscale; 2) Surveys the
physics of modern instrumentation involved in characterizing materials, and the typical approaches to analyzing
a wide variety of materials and nanostructures; 3) Develop scientific communication skills.

Outcome of the subject: By the end of the course, students will be expected to be able to: 1) Describe the
differences in properties of micron size materials and nanomaterials, and physical phenomena responsible for
these differences; 2) Describe modern instrumentation involved in characterizing nanomaterials and
communicate physical principles behind these instrumental methods; 3) Describe and compare the strengths and
weaknesses of the different instrumental methods for nanomaterials characterization.

Content of the subject

Theoretical lectures

. Introduction to Nanoscience and Nanotechnology

. Fundamental properties of nanomaterials

. Survey of characterization methods, Analysis aproaches: input-output

. X-ray diffraction, X-ray fluorescence

. X-ray scattering, X-ray reflection

. Scanning probe microscopy

. Scanning electron microscopy (SEM)

. Transmission electron microscopy (TEM)

. Chemical analysis and electron diffraction on TEM instruments

10. Electron spectroscopy

11. Thermal analysis, thermodynamics at nanoscale

12. Light scattering

13. Measurements of ultrafine particulates in air

14. Optical spectroscopy (UV-visible, photoluminescence, Raman, ellipsometry)
15. Measurements of pores sizes and specific surface areas of nanomaterials
Practical lectures: No
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Recommended literature

1. Guozhang Cao: Nanostructures and Nanomaterials, Imperial College Press, 2004

2. S. C. Singh, H.B. Zeng, Chunlei Guo, Weiping Cai: Nanomaterials: Processing and Characterization with
Lasers, Springer, 2012

3. Challa S.S.R. Kumar: UV-VIS and Photoluminescence Spectroscopy for Nanomaterials Characterization,
Springer 2013

4. Malkiat S. Johal, Lewis E. V. Johnson: Understanding Nanomaterials, CRC Press, 2011

Number of active classes | Theory: 8 | Practice: 0

Methods of delivering lectures: lectures, consultations, presentations

Evaluation of knowledge (maximum number of points 100): oral exam 70 points, presentation 30 points.

Weays of testing the knowledge may vary: (written tests, oral exam, project presentation, seminars ets......

*maximum length 1 A4 page




