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SCOPUL DISCIPLINEI

COURSE PURPOSE

Cursul are ca scop formarea competentelor
teoret ce si pract ce necesare pentru

invest garea, caracterizarea si analiza structurii
materialelor prin ut lizarea metodelor
moderne experimentale si a tehnicilor f zico-
chimice avansate. Disciplina urmareste
familiarizarea studentilor cu principiile de
functionare, domeniile de aplicabilitate si
interpretarea rezultatelor obtinute prin
metode microscopice, spectroscopice,
difractometrice si termice ut lizate Tn studiul
materialelor conventionale si al
nanomaterialelor.

The course aims to develop theoret cal and
pract cal competencies related to the

invest gat on, characterizat on, and analysis of
material structures using modern experimental
methods and advanced physico-chemical
characterizat on techniques. The discipline is
focused on familiarizing students with the
operat ng principles, f elds of applicat on, and
interpretat on of results obtained through
microscopic, spectroscopic, dif ract on-based, and
thermal analysis techniques employed in the
study of convent onal materials and
nanomaterials.

CERINTE PREALABILE

PREREQUISITES

Studentul doctorand trebuie sa posede
cunost nte de Opt c3, Fizica atomica, Fizica
solidului si semiconductori/Fizica
semiconductorilor cu aplicatii in medicina.

The doctoral student must possess knowledge of
Opt cs, Atomic Physics, Solid State Physics and
Semiconductors/Semiconductor Physics with
applicat ons in medicine.

OBIECTIVE

OBIJECTIVES

. intelegerea principiilor fundamentale
ale metodelor experimentale ut lizate in
caracterizarea structurii materialelor.

. Cunoasterea clasif carii tehnicilor

f zico-chimice de analiza si selectarea
metodelor adecvate pentru invest garea
diferitelor t puri de materiale.

. Dobandirea cunost ntelor privind
functionarea si aplicatiile microscoapelor
opt ce, inclusiv microscopiei confocale,

f uorescente, cu contrast de faza si cu lumina
polarizata.

¢ Advanced understanding of the fundamental
physical principles underlying experimental
methodologies employed in the structural
characterizat on of materials.

e Comprehensive knowledge of the classif cat on
of physicochemical analyt cal techniques and the
select on of appropriate characterizat on
methodologies for the invest gat on of various
material systems.

¢ In-depth understanding of the operat ng
principles, instrumental conf gurat ons, and
applicat on domains of opt cal microscopy
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. Familiarizarea cu principiile si
aplicatiile microscopiei electronice, ut lizdnd
microscopul electronic cu transmisie (TEM),
microscopul electronic de transmisie de Tnalta
rezolutie (HRTEM) si microscopul electronic cu
scanare (SEM).

. Dezvoltarea competentelor de analiza
morfologica a suprafetelor prin ut lizarea
tehnicilor de microscopie cu sonda, precum
AFM, MFM si SPM.

. intelegerea tehnicilor bazate pe raze X
pentru determinarea structurii si compozitiei
materialelor, inclusiv difractia de raze X,

f uorescenta X si metodele EDS/WDS.

. Cunoasterea metodelor spectroscopice
moderne ut lizate in caracterizarea
nanomaterialelor, precum spectroscopia UV-
VIS si FTIR.

. Dobandirea abilitatilor de interpretare
a analizelor termice prin metode precum TGA
si DSC.

. Dezvoltarea capacitatii de corelare a
proprietatilor structurale, morfologice si
compozitionale ale materialelor cu metodele
experimentale ut lizate.

. Formarea competentelor pract ce
privind pregat rea probelor, efectuarea
masuratorilor experimentale si interpretarea
crit ca a rezultatelor obtinute in laborator.

techniques, including confocal microscopy,

f uorescence microscopy, phase-contrast
microscopy, and polarized-light microscopy.

¢ Familiarizat on with the theoret cal foundat ons
and advanced applicat ons of electron microscopy
techniques, including transmission electron
microscopy (TEM), high-resolut on transmission
electron microscopy (HRTEM), and scanning
electron microscopy (SEM).

¢ Development of advanced competencies in the
morphological and topographical characterizat on
of surfaces through scanning probe microscopy
techniques, such as atomic force microscopy
(AFM), magnet c force microscopy (MFM), and
scanning probe microscopy (SPM).

¢ Understanding of X-ray interact on mechanisms
with condensed mat er for the determinat on of
crystalline structure, phase composit on, and
elemental distribut on, including X-ray dif ract on
(XRD), X-ray f uorescence (XRF), and energy-
/wavelength-dispersive spectroscopy (EDS/WDS).
e Comprehensive knowledge of modern
spectroscopic techniques employed in the
physicochemical characterizat on of
nanostructured materials and advanced

funct onal materials, including ultraviolet—visible
(UV-Vis) spectroscopy and Fourier-transform
infrared (FTIR) spectroscopy.

¢ Acquisit on of advanced skills for the
interpretat on of thermal and calorimetric
analyses using techniques such as
thermogravimetric analysis (TGA) and dif erent al
scanning calorimetry (DSC).

¢ Development of the ability to establish

correlat ons between the structural,
morphological, composit onal, and funct onal
propert es of materials and the corresponding
experimental characterizat on methodologies.

® Format on of pract cal and analyt cal
competencies related to specimen preparat on,
execut on of experimental measurements, data
acquisit on, and crit cal interpretat on of results
obtained through laboratory-based invest gat ons.

CONTINUT CURS

LECTURE CONTENT

1. Clasif carea metodelor f zico-chimice

ut lizate in caracterizarea materialelor.

2. Tehnici de microscopie opt ca: Microscopie
opt ca in cdmp larg, microscopie in camp
intunecat, microscopie confocald, microscopie
cu contrast de faza, microscopie cu contrast
interferential diferential (DIC), microscopie de
f uorescenta, microscopie de f uorescenta cu
excitatie in doi fotoni (TPEF/M2P), microscopie
de f uorescenta prin ref exie interna totala
(TIRF), microscopie de f uorescenta la unghi

1. Classif cat on of physicochemical methods for
materials characterizat on.

2. Opt cal Microscopy Techniques: Wide-f eld

opt cal microscopy, dark-f eld microscopy,
confocal microscopy, phase-contrast microscopy,
dif erent al interference contrast microscopy
(DIC), f uorescence microscopy, two-photon
excitat on f uorescence microscopy (TPEF/M2P),
total internal ref ect on f uorescence microscopy
(TIRF), supercrit cal angle f uorescence microscopy




supercrit ¢ (SAF), stereomicroscopie,
microscopie cu lumina polarizata etc.

3. Tehnici de microscopie electronica:
Microscopie electronica de transmisie (TEM),
microscopie electronica de transmisie de Tnalta
rezolutie (HRTEM) si microscopie electronica
de baleiaj (SEM).

4. Caracterizarea morfologica si topograf ca a
suprafetelor: Microscopie cu sonda de scanare
(SPM), microscopie de forta atomica (AFM) si
microscopie de forta magnet ca (MFM).

5. Tehnici de caracterizare bazate pe raze X si
fascicule de electroni: Difractie de raze X (XRD),
spectroscopie de raze X cu dispersie in energie
(EDS/EDX), spectroscopie de raze X cu dispersie
n lungime de unda (WDS/WDX), f uorescenta
de raze X (XRF), imprast ere de raze X la unghi
mic (SAXS) si spectroscopie de electroni Auger
(AES).

6. Tehnici spectroscopice pentru caracterizarea
nanomaterialelor: Spectroscopie UV—-Vis si
spectroscopie in infrarosu cu transformata
Fourier (FTIR).

7. Tehnici de analiza termica: Analiza
termogravimetrica (TGA) si calorimetrie
diferentiala cu scanare (DSC).

(SAF microscopy), stereomicroscopy, polarized-
light microscopy, etc.

3. Electron Microscopy Techniques: Transmission
electron microscopy (TEM), high-resolut on
transmission electron microscopy (HRTEM), and
scanning electron microscopy (SEM).

4. Morphological and Topographical Surface
Characterizat on: Scanning probe microscopy
(SPM), atomic force microscopy (AFM), and
magnet c force microscopy (MFM).

5. X-ray and Electron-Beam Characterizat on
Techniques: X-ray dif ract on (XRD), energy-
dispersive X-ray spectroscopy (EDS/EDX),
wavelength-dispersive X-ray spectroscopy
(WDS/WDX), X-ray f uorescence spectroscopy
(XRF), small-angle X-ray scat ering (SAXS), and
Auger electron spectroscopy (AES).

6. Spectroscopic Techniques for Nanomaterial
Characterizat on: Ultraviolet—visible (UV-Vis)
absorpt on spectroscopy and Fourier-transform
infrared (FTIR) spectroscopy.

7. Thermal Analysis Techniques:
Thermogravimetric analysis (TGA) and dif erent al
scanning calorimetry (DSC).

METODE DE EVALUARE

EVALUATION METHODS

Examen

Exam

COMPETENTE DOBANDITE

ACQUIRED COMPETENCIES

¢ Competente profesionale:

o cunost nte avansate in domeniu;

o capacitatea de ident f care,
formulare si solutionare intr-o
maniera creat va a problemelor de
cercetare;

o stdpanirea metodelor si tehnicilor
de cercetare avansata;

o capacitatea de a prelucra si
procesa date la un nivel avansat,
inclusiv prin ut lizarea sof urilor
dedicate, in functie de domeniu.

¢ Competente transversale:

o competente de comunicare, scrisa si
orala, in domeniul st intei si culturii;

o competente lingvist ce avansate in
limbi de circulatie international3,
inclusiv de a exprima si formula idei in
contexte mult culturale si mult lingve;

o apt tudini si competente digitale
avansate, parte a transformarii digitale
la nivel social, inclusiv prin ut lizarea
inteligentei art f ciale;

o cunost nte privind gandirea crit ca,
inclusiv apt tudinea de a analiza,

e Professional skills:

o advanced knowledge in the f eld;

o the ability to ident fy, formulate and
creat vely solve research problems;

o mastery of advanced research methods
and techniques;

o ability to process and manipulate data at
an advanced level, including through the
use of dedicated sof ware, depending on
the f eld.

e Transversal skills:

o writ en and oral communicat on skills in the
f eld of science and culture;

o advanced linguist c skills in internat onal
languages, including the ability to express and
formulate ideas in mult cultural and
mult lingual contexts;

o advanced digital skills and competences, part
of the digital transformat on at a societal
level, including the use of art f cial
intelligence;

o knowledge of crit cal thinking, including the
ability to analyze, interpret or formulate
reasoning in dif erent contexts.




interpreta sau formula rationamente in
diferite context.

Contact: gabriela.iacobescu@edu.ucv.ro

Contact: gabriela.iacobescu@edu.ucv.ro

Ult ma actualizare: 1 oct 2025

Last update: 1 October 2025




