Tabesaa 5.1 Cneundukanija npeaMera Ha CTYIHjCKOM MPOTPaMy JOKTOPCKHX CTYIHja

Ha3zus npeamera: M3a0pana norsias/ba U3 NpUMembeHe (pU3UKe

Hacrapauk wim HactapHunm: Ipod. ap Mean Beaua, IIpod. ap Cresan Ctojagunosuh,

Craryc npeamera: U360pHu

bpoj ECIIB: 15

YciaoB: HeMa

b npeagmera

VYcBajame ONIITHX 3HaWka O J00Wjaby M KapaKTepUCTUKaMa HAaHOCTPYKTYpa M TaHKHUX (DUIIMOBA U YIO3HABAHE
ca TPUPOJOM W KapakTepHCTHKaMa aHOAHWX mporeca. OBnajgaBame mporecuMma aodujame camoypelheHux
AHOAHWX HAHOCTPYKTYypa Ha QIyMHHHjyMy ¥ THTaHHjyMYy MeTo/JaMa eJIeKTPOXEMHUjCKE OKCHAAIH]e.
VYo3HaBame ca eKCIEPUMEHTAIHIM TEXHHKaMa 3a (OpMHUpame, HCIUTHBAKE U HAHOMOIU(HUKALM]y aHOJHUX
CTPYKTYpa. YCBajame 3Hama U3 APYTHX 00JacTh MpUMemeHe (HU3rKe M3 KOjuX KaHAWIATH IUIAaHUPajy Na pane
JOKTOPCKY JHCEPTaIHjy.

Hcxon npeamera

CTyzeHT ca OIIITHM 3HalkeM O JA00ujarmy TaHKUX (HIMOBAa M HAHOCTPYKTYpA, M ca MOCEOHMM M NMPaKTUYHUM
3HaBEeM O IMpolecuMa J00Wjarba aHOTHHX OKCHUAHUX (HUIMOBA, NMPUMEHOM, Ka0 M TEXHHKaMa HHXOBOT
€KCIIEPUMEHTAJIHOT HMCIHUTUBAMA.

Canp:kaj npeamera
Teopujcka nacmasa

1. JoOujame TaHKHX ¢GuIMOBa W HaHOCTpyKTypa. 2. Kunermka QopMmupama OKCHAHHX ClOjeBa Ha
ATyMUHHjyMy-OIlIITa pa3Martpama; 3. Kunernka ¢opmupama OapujepHuX okcHAHuX ciojeBa; 4. Kunermka
(dbopMupama MOPO3HUX OKCHAHHUX ciojeBa; 5. CaMOOpraHM30BaHE MOPO3HE CTPYKType Ha aTyMHHHjyMy; O.
ITopo3He aHOIHE CTPYKTYpe Ha alyMHHHjyMYy Kao KalylH 3a CHHTE3y HAaHOCTPYKTypa; 7. EmexTpoxemmujckn
AaHOAM3ALMOHU TIpoIlecH Ha tutaHujymy; 9. Jlobmjame aHomaux TiO, HanoTy0a; 10. OnTHyke, MEXaHUYKE H
enekTpuyHe ocoOmHe aHomHWX Ti02 Hanory0Oa; 11. Ilpumena anmomumx TiO, HaHOTyOa; 12. Metoze
HaHOMOU(HKAIMje JOOMjEeHUX TAHKHX CJI0jeBa M HAHOCTPYKTypa: HAHOHWICHTAIlMja, HAHOMAaHHITyJAIlHja,
nanoscraching, Hanonutorpadwuja; 13. Ananuruuke merone npumemene ¢usuke: AFM, STM, XRF, XRD,
Enextpoxemujckn uHCTpyMeHTH; 14. McnutuBame eNEKTPUYHHMX, MEXaHWYKHMX, ONTHYKHUX OCOOMHA Ha
HAHOHUBOY; 15. AKyCTHUYKa aHaIH3a K imaging rmia3Ma eJICKTPOJIUTHYKE OKCHIAIIH]e.

Ilpakmuuna nacmaga
dopmupame camoypel)eHnx MOpo3HUX CTPYKTYpa Ha allyMHHHUjyMY JBOCTEIICHOM aHOAM3anujoM; DopMupame

anonHuxX TiO, HaHOTYOa; OcrocoOspaBame 3a Paj Ha €IEKTPOXEMH)CKIM HHCTpyMeHTHMa. Ocrioco0sbaBame 3a
paJl Ha aHAIMTHYKUM MHCTPYMEHTHMA 32 HCIIMTHBAKE 0COOMHA HAHOCTPYKTYPA M TAHKHMX (PHIIMOBA.

IIpenopyyena aureparypa

1. Ali Eftekhari Ed, Nanostructured Materials in Electrochemistry, Wiley -VCH, 2008.

2. Craig A. Grimes, Gopal K. Mor, TiO2 Nanotube Arrays, Synthesis, Properties, and Applications, Springer,
2009.

3. Aleksandar Despi¢, Vitaly P. Parhutik, Electrochemistry of Aluminum in Aqueous Solutions and Physics of
Its Anodic Oxide, Modern Aspects of Electrochemistrz, Vol. 20, 401-503.

4Allen J. Bard, Larry R. Faulkner, Electrochemical methods Fundamentals and Applications, JOHN WILEY &
SONS, INC., 2001.

5. V. L. Mirnov, Fundamentals of scanning probe microscopy, The russian academy of sciences (2004).

BpOJ JyacoBa aKTHBHEC HAaCTaBC | TeOpI/IjCKa HacTaBa: I HpaKTI/I‘IHa HacTaBa:

Mertone u3Bohema HacTaBe
[IpenaBama, MEHTOPCKH pajl, CECMUHAPCKH Pa/IOBH, €KCIIEPIMEHTAIIHE BexOe.

Ounena 3Hama (MakcuMaJIHH Opoj nmoena 100)
Cemunap 40 noena, ¥Ycmenu ucnut 60 noexa

Haumn npoBepe 3Hama MOTy OWTH paziau4uTH : (MMCMEHHM HCIHMTH, YCMEHM HCIIT, IPEe3eHTaluja IpojeKTa,
CEMMHAPH UT/......

*MakcuMaliHa aykHa | crpannma A4 gopmata

Table 5.1 Specification of subjects in the doctoral studies study program




Name of the subject: Selected topics of applied physics

Teacher(s): Prof. dr Ivan Beléa, Prof. dr Stevan Stojadinovi¢,

Status of the subject: elective

Number of ECIIB points: 15

Condition:

Goal of the subject

Gaining knowledge about the anodic process. Forming self-ordered anodic nanostructures on
aluminum and titanium by electrochemical oxidation. Mastering the experimental techniques for
the formation, nanomodification, testing and application of anode structures and nanostructures.
Gaining knowledge about other fields of applied physics important for student's PHD.

Outcome of the subject

Understanding of modern methods for obtaining anodic films and nanostructures. Training for
research in the field of electrochemical methods for the preparation of nanostructures,
nanomodification, application as well as analytical and experimental techniques for their testing.

Content of the subject
Theoretical lectures

1. The kinetics of formation of oxide layers on aluminum-general considerations; 2. Kinetics of the
formation of barrier oxide layers; 3. The kinetics of formation of porous oxide layers; 4 Self-
ordered porous structure of the aluminum, 5. Porous anodic aluminum structures as templates for
the synthesis of nanostructures; 6. Electrochemical processes during anodization of titanium; 7.
Preparation of anodic TiO2 nanotubes; 8. The optical properties of anodic TiO, nanotubes; 9.
Mechanical and electrical properties of anodic TiO, nanotubes; 10. Application of anodic TiO2
nanotubes; 11. Electrochemical instruments; 12. Methods of nanomodification of thin films and
nanostructures: nanoindentatiion, nanomanipulation, nanoscratching, nanolithography; 13.
Analytical methods of Applied physics: AFM, STM, XRF, XRD; 14. Examination of mechanical,
electrical and optical properties of thin films and nanostructures; 15. Acoustic analysis and imaging
of plasma electrolytic oxidation;

Practical lectures
1. The formation of self-ordered porous structures on aluminum by two-step anodization, 2. The
formation of anodic TiO, nanotubes; 3. Training for work on electrochemical instruments.

Recommended literature

1. Ali Eftekhari Ed, Nanostructured Materials in Electrochemistry, Wiley -VCH, 2008.

2. Craig A. Grimes, Gopal K. Mor, TiO2 Nanotube Arrays, Synthesis, Properties, and Applications, Springer,
20009.

3. Aleksandar Despi¢, Vitaly P. Parhutik, Electrochemistry of Aluminum in Aqueous Solutions and Physics
of Its Anodic Oxide, Modern Aspects of Electrochemistrz, Vol. 20, 401-503.

4Allen J. Bard, Larry R. Faulkner, Electrochemical methods Fundamentals and Applications, JOHN WILEY
& SONS, INC., 2001.

5. V. L. Mirnov, Fundamentals of scanning probe microscopy, The russian academy of sciences (2004).

Number of active classes | Theory: | Practice:

Methods of delivering lectures

Lectures, tutorials, seminars, laboratory exercises.

Evaluation of knowledge (maximum number of points 100)
seminars 40 points, oral examination 60 points

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

*maximum length 1 A4 page




