NEPITPAMMA MAOGHMATOZ

rMn-090 - ®AZMATOZKONMIA AEIZEP

(1) FENIKA
2XOAH | OETIKQN KAI TEXNOAOTIKQN EMIZTHMQN
TMHMA | XHMEIAZ
EMNINEAO ZNMNOYAQN | METANTYXXIAKO
KQAIKOZ MAGHMATOZ | rMnN-090 EZAMHNO ZMOYAQN

TITAOZ MAGHMATOZ

DOAIMATOZKONMIA AEIZEP

AYTOTEAEIZ AIAAKTIKEZ APAXTHPIOTHTEZ
O€ TEPIMTWON TTOU OL TILOTWTIKEG UOVAOEG QTTOVEOVTOL OE SLAKPLTA UEPN

EBAOMAAIAIEZ

ToU padnuatog m.y. Atadééeic, Epyaotnplakéc Aokrioelc k.AmT. Av ot QPES NIZTQTIKEZ
TILOTWTLKEG LOVAOEG QTTOVEOVTAL EVILX YLA TO CUVOAO TOU UaTnUaTOG MONAAEZ
. s ; : AIAAZKANIAZ
avaypate ti¢ eBbouadiaiec wpeg Stbaokaiog kot To dUVoAo Twv
TILOTWTLKWV LovadwVv
4 10

MpooVéote oepéc av xpelaotel. H opyavwaon Stdackadiog kot ot SLE6AKTIKEG
uédodbol mou xpnoLUOTTOLOUVTAL TIEPLYPAPOVTAL AVAAUTIKA OTO (5).

TYNOZ MAGHMATOZ

yevikoU uroBadpou,

e1ékou urtoBadpou, Ldikeuons

VEVIKWVY YVWOEWY, avantuéng Seélotritwv

€16KoU umoPabpou

eldlkeuong

avamntuéng Seflotntwy

MNPOAMAITOYMENA MAOGHMATA:

To pabnua mpolmoBETeL Baolkeég ywaoeLg anodoitwy

TuAuatog Xnuelag oe:

*  MaBnuatka, Quokn, Quokoxnueia, Epyaotipla
Quokoxnuelog

EmBupuntég yvwoeLg os:
*  Maouparookoria, KBavtiky Mnxavikn

FNQ23A AIAAZKAAIAZ ko
EZETAZEQN:

EAANVIKN (i} AyyALKn)

MAGHMATOS (URL)

TO MAGHMA MPOzZMEPETAI ZE | NAI
OOITHTEZ ERASMUS
HAEKTPONIKH ZEAIAA | E-class:

https://www.chemistry.uoc.gr/eclass/courses/CHEM-
POST115/

(2) MAOHZIAKA ANOTEAEZMATA

MaBnolakd ArtoteAéopata

JuuBouAeurteite to Mapdaptnua A
L]

Meptypagpovral to LordNoLaKd ATOTEAECUATA TOU UATUATOG OL CUYKEKPLUEVES YVWOELG, SEELOTNTEG KAL LKAVOTNTEG
KataAArAou emuTéSou mou Ya aTTOKTHOOUV OL (POLTNTEG UETH TNV EMLTUXN OAOKANpWan Tou UadnUaTog.

Meptypacpn tou EmutéSou Twv Madnolakwv AOTEAEGUATWY YLa Kade Eva kUkAo omoudwy aUupwva ue to lMAaioto
Mpoadvtwy tou EupwnaikoU Xwpou Avwtatng Ekmaibevang

Meptypapikoi Agikteg Emunedwv 6, 7 & 8 tou Eupwnaikou lMAatoiou Mpoadviwv Awd Biou Madnong kat to Mapdptnuo B
MepAnmtikog 06nyog auyypaprc Madnolakwy AoTEAECUATWY

£PYQOTNPLOKWV AOKHOEWV, TN Xpron

‘Epeuva ALaoTAHATOC).

To nabnua ameuBUVeTAL O HETATTUXLAKOUG/EG doLTnTEG/PoLTTPLEG TOU TUARUATOG XNUelag Kot
OKOTIO €XEL VA TTAPOUCLACEL, 0TO MAALCLO Hiag cUVOUACUEVNG OELpAC SLaAEEEwY KOl EEELOLKEVEVWV

oLyXpoVWV HeBOSWV AéLlep 0T HEAETN TNG SOUNG KOL TWV

LOLOTATWY ATOUWY, LOPLWV Kal UALKWY KaBwg Kol TIG EUpUTEPEG EPAPHOYEC TWV TEXVLKWY QUTWV OF
TOUELG ALYUAG TNG EMLOTAKNG KaL TNG TexvoAoyiog (r.x. Navotexvoloyia, Blohoyia, MeptBaiiov,




Tol OVOUEVOLEVOL OTTOTEAECLOTOL KATOTILY ETILTUXOUC TApOKoAoUONGNG TOU pHoBnuatog

nep\apPfavouv:

e Katavonon twv Baclkwv apxwy tng AELToUpylag Twy Itnywv aktvoPBoliag Aéwlep

e Katavonon Bacikwy TEXVIKWV Gacuatookomiag Aéep

e Katavonon og BewpnTiko Kot TPaKTIKO eminedo Bepdtwy mou adopolv epappoyEg LeBodwv
Baollopevwy otn xpnon mnywv AEep otn KEAETN ATOUWY, LOPLWwVY KAl UALKWV.

® Baolkr KATOVONGCN TWV KN YPAUMLKWY 0AANAETILEpACEWY TNG NAEKTPOUAYVNTLKAG AKTLVOBOALOG
ME TNV UAN KoL LEAETN

e Epyaotnplakn efotkeiwaon pe Baoikr opyavoloyia Aélep Kol GACUATOCKOTILKWY SLOTAEEWV

e Tevikn avtiAnyn tng épeuvag otn Quotkoxnpeia pe éudaon otn dpacupatookomnia Aélep n onola
Ba cupBalel oe TepalTEPpw OTIOUSEC Kal emayyeEALOTIKY oTtadlodpouia

Fevikég Ikavotnteg
AauBavovtag urtoyn TIG YEVIKEG LKAVOTNTEG TTOU TIPETIEL VAL EXEL QTTOKTIOEL O TITUXLOUXOG (OTWG QUTES QVAYPAPOVTAL OTO
Mapdptnua AutAwuatos kot mapatidevrat akoAdoUdwe) e mola / MOLEG ATO AUTEC ATTOOKOTEL TO Uadnua;.

Avairitnan, avaAuon kat oovdeon SeSougvwy Kot Sxeblaoucg kot Staxeiplan Epywv

TIANPOWOPLWY, UE TN XPION KOl TWV QIapaitnTwy 2eBaouoG aTn SLaPOPETIKOTNTA KOl OTNV TTOAUTIOALTIOMIKOTNTA
TEYVOAOYLWV 2eBaoudg ato puatko neptBaiiov

lpooapuoyr o€ VEEG KATAOTHOELG Enibeién kolvwvikrg, emayyeAUatiknic kat nUik¢ umeuduvotntag
AfYn anopdacewv Kot evatodnaoiac o Yéuata pUuAou

Autdévoun epyaoio A0KNON KPLTIKNG KL UTOKPLTIKAG

Ouadikn epyaoia Mpoaywyn TG EAcUIEPNG, SNULOUPYIKNG KOl EMAYWYLKIG OKEYNG
Epyacia oe Stedvég neptBaAdov L.

Epyacia oe Stemiotniuoviko neptBaiiov AMeg...

Mapaywyn VEWV EPEUVNTIKWV LOEWY e,

e Avalnitnon, avaAuon kot cuvBecon SeSouévwy Kat TAnpodopLWY, LE TN XPHoN KAl TWV
QmaPALTNTWY TEXVOAOYLWV

e [lpooapoyn OE VEEG KATAOTACELS

e Autovopun epyoaoia

e Opadwkn epyacia

e [lpoaywyn Tng eAeUBePNC, SNULOUPYLKAG KaL EMAYWYLKAG OKEYNG

e Epyaoia o dlemiotnoviko meptBailov

o Tlopaywyr VEWV EPEUVNTIKWYV LOEWV

(3) NEPIEXOMENO MAOGHMATOZ

Oswpia

e Baolkeg apxEg Aettoupylag kat €idn Aéwlep (Aodaleila otn xprion Aéwlep)

e OepeAwdelg Slepyaocieg otnv aAnAemnidpaon aktvoBoAlag-UANG (NUIKAQOGLK TTPOCEYYLON
oaAnAenidpaong aktivoBoliag-UAng oe emimedo xpovikwe e€apTwevn Bewpiag Statapaywy)

e Opyavoloyia ¢pacuaTooKoTiag

o  DAOCUATOOKOTIUKEG TEXVIKEG AELLEP. TEXVIKEG SUVOULKNAG DOOUATOOKOTILOG

o  QDaocpatookornia anoppodnong, Gacpatookonia pBoplopoy, Mikpookormia pBoplopou.
EdappoyEg otn HeAETn popiwy, Blopoplwy Kot UALKWY

e  Mn-yPaUULK) OTTIKA Kal ToOAUWTOVIKEC Slepyaoieg

e Alepyaoieg okédaong aktivoBoliog Aéwlep. EdappoyEg otn HEAETN Hakpopopiwy

Epyaotnplakég ACKNOELG
1. Omtkn kAt Aélep
Qaopoatookomnia dwrtonAektpoviwy — Xnukn Auvapikn (+ Zuotripata kevol)
Auvapikn pacuoatookornia pOoplopol pe Aélep
Mn-ypauuikn pacpatookomnio Aéllep
QOaocpatookorio TAGCOHATOG AELeP (ATOMLIKA KOL LLOPLAKI) EKTIOWTT)
Mkpookoria Raman kat edapuoyES
MEeAETn SUVAULKAG TTOAUEPWV e okESaon akTtvoBoliag AéLlep

NoukwnN




(4) AIAAKTIKEZ kat MAGHZIAKEZ MEOOAOI - AZIONOTHZH

TPONOZ NAPAAOZHZ
lMpoéowro e mpoowrno, EE amootacews
ekmaidevan KA.

* [lpoowro e mpocwro (aibouoa didaokaAiag,
€pYQOTNPLO)
*  Awabiktuaka(mlatdopua E-Class, MS Teams)

XPHZH TEXNOAOTIQN
NAHPO®OPIAZ KAI ENIKOINQNIQN
Xprion T.[1.E. otn Atbaokadia, otnv
Epyaotnpiakn Exknaibeuon, atnv Emikowwvia
LE TOUG POLTNTES

e E-class — lotooeAida pabriuartog (avaptnon Stadavelwv
pabnuatog, acknoewv e€doknong, apbpwv
BiBAoypadiag, avakolvwoewv)

* MS Teams (evaAAaKTIKH xprion MAatdopuag)

* HAektpoviko Taxudpoueio

OPIrANQzH AIAAZKAAIAZ
Meptypagovral avaAuTikd o TPOmog kat uedodot
StbaokaAiag.

AaAé€etg, Seuvapla, Epyaotnplakn Aoknon,
Aoknon lediou, MeAétn & avaluan
BiBAwoypapiag, @povriatrplo, Mpaktikn
(Tormto¥£tnon), EKMaLSEUTIKEG EMLOKEWELS,
Exmovnon ueAétnc (project), Suyypacpn
epyaoiag / epyactwv, KaAditexvikn dnutoupyia,
K.ATT.

Avaypdagovtal oL WPeG UEAETNG TOU QOLTNTH Yo
kade padnaolakn Spaotnplotnta kadwe Kot ot
WPEG N KdobNYoULEVNG UEAETNG CUUQWVA LUE
TG apxEG Tou ECTS

, ®doprog Epyaciog
Apaotnplotnta Eaprivou

Atalé€elg 36
Epyaotnplo 16
MEeAETR, EpYAOTNPLAKEG 52
avadpopEg

Mapouciaon epyaciag 20
TeAKO Alaywviopa 26
Zuvolo Mabrpatog 150

AZIONOTHZH OOITHTQN
Meptypacpr tng Stadikaciog aktoAdynong

Mwooa AéloAdynong, MéSobdor atoAdynong,
Alpopewtikn) 1 Suunepacuatikn, Aokuaoia
MoAXamAri¢  Emtdoyrig, Epwtrioslg Zuvroung
Anavtnong, Epwtrioelg Avdamtuéng Aokiuiwvy,
Enmiluan MpoBAnudtwv, [panty Epyaoia,
Exkeon / Avagopd, [pogopikn Eéétaon,
Anuoota Mapouaoiaon, Epyactnplakn Epyaocia,
KAwikn  Eéétaon Aodevoug,  KaAAwteyvikn
Epunveia, AAAn / AMeg

Avapépovtal pnta mpoodloplopEva KpLTHpLa
aéloAdynong kat eav kot mou eivat mpooBdaotua
Q7O TOUG (POLTNTEG.

Mwooa: eAAnViK / ayyAkn

Zuppetoxn otig Stalé€eig (A)

MpoBAnuata e§aoknong (A)

(3-4 opadec aoknoswv)

Epyaotnplakég aoknoeLg kat avodopeg (E)

(3-4 mepapata, 3 avadopec)

NMpodopikA napovciaon (M)

(Avamrtuén B€patog and tn BLBAloypadia)

TeAwkn €€€taon (T)

(Fparttn e€€taon, ZUVOETA EPWTUATA UTTOAOYLOHWY KOl
KPLTIKAG avTILeTWILONG Bepdtwy, Ed’ 0Ang Tng UANG)

O teAkog Babuog Tou Habripatog MPokUTTEL WG £€NG:

B (kAipaka 0-10) = 0,1*A + 0,15*A + 0,3*E + 0,15*M + 0,3*T
O tpomog e€€Taong Kat afloAdynong avoKOLWVWVETAL OTNV
evapktpLa SLaAetn tou pabnuatog evw Sivovtal Kat
UTIOSE(YATA EPWTNUATWYV VLA TO TEALKO Slaywvioua.
Avadépetal otnv LotooeAida Tou HabnpaTog.

(5) ZYNIZTQMENH-BIBAIOTPA®DIA

- Mpotetwvouevn BiBAoypapia:

WX NOU R WNR

=
o

- Juvapn EMLOTNUOVIKT TTEPLOSIKA:

P. W. Atkins, ‘Moptakn KBavtiky Mnxavikny’, (ExS. Mamalnon, 1999)
M. Young, ‘Omtikn kot Aéllep’, (Mavemn. Ek6ooelg EMIM, 2008)
J. Wilson, J. Hawkes, ‘OnttonAektpovikny’ (Mavemn. Ekd6oelg EMIM, 2007)
W. Demtréder, ‘Laser Spectroscopy’ Vol.1, Basic Principles, 4" ed. Springer
W. Demtréder, ‘Laser Spectroscopy’ Vol. 2, Technology, 4" ed. Springer
P. F. Bernath, Spectra of Atoms and Molecules, Oxford University Press
P.W. Atkins, J. de Paula, J. Keeler, ‘Quotkoxnueia’ (Mavemn. Ek§ooelg Kprtng, HpdkAelo 2020)
D.C. Harris, M.D. Bertolucci, ‘Symmetry and Spectroscopy’ (Dover, NY 1978)
J.M. Hollas, ‘Modern Spectroscopy’ (John-Wiley & Sons, NY 1996)

. C.S. Johnson, D.A. Gabriel “Laser Light Scattering” (Dover, 1994)
ApSpa arto tn oxetikn epeuvntikn BiBAloypapia

o Awapaveleg Stadé€ewv amo Ti¢ mapadooeis otnv aifovoa dibaockaliog

- Physical Chemistry and Spectroscopy journals




COURSE OUTLINE
FMM-090 - LASER SPECTROSCOPY

(1) GENERAL

SCHOOL | SCHOOL OF SCIENCES AND ENGINEERING

ACADEMIC UNIT | DEPARTMENT OF CHEMISTRY

LEVEL OF STUDIES | GRADUATE

COURSE CODE | 'MI1-090 I SEMESTER

COURSE TITLE | LASER SPECTROSCOPY

INDEPENDENT TEACHING ACTIVITIES

WEEKLY
if credits are awarded' for separate compgnents of the course, e.g. TEACHING CREDITS
lectures, laboratory exercises, etc. If the credits are awarded for the whole HOURS
of the course, give the weekly teaching hours and the total credits
4 6

Add rows if necessary. The organisation of teaching and the teaching
methods used are described in detail at (d).

COURSE TYPE

general background,

special background, specialised general | * Specialised general knowledge
knowledge, skills development

* Special background

» Skills development

PREREQUISITE COURSES: | Chemistry undergraduate level courses on:

* Mathematics, Physics, Physical Chemistry, Physical
Chemistry Laboratory)

Also preferred / recommended:

* Spectroscopy, Introductory Quantum Mechanics

LANGUAGE OF INSTRUCTION and

EXAMINATIONs: | Creek (o English)

IS THE COURSE OFFERED TO

ERASMUS STUDENTS YES

COURSE WEBSITE (URL) | E-class:

https://www.chemistry.uoc.gr/eclass/courses/CHEM-
POST115/

(2) LEARNING OUTCOMES

Learning outcomes
The course learning outcomes, specific knowledge, skills and competences of an appropriate level, which the students will
acquire with the successful completion of the course are described.
Consult Appendix A
e Description of the level of learning outcomes for each qualifications cycle, according to the Qualifications Framework of
the European Higher Education Area
e Descriptors for Levels 6, 7 & 8 of the European Qualifications Framework for Lifelong Learning and Appendix B
e Guidelines for writing Learning Outcomes

The course is addressed to graduate students of the Chemistry Department (typically holding a
Chemistry BSc).

Its main objective is to present, in the context of lectures and advanced laboratory experiments, the
use of modern laser methods in the study of atoms, molecules and materials and demonstrate
applications of these techniques in cutting-edge science and technology with examples drawn from
the fields of nanotechnology, biology, environmental monitoring, space research and heritage science.

After successfully attending the class, students are expected to:
e Have understood in a theoretical and practical context aspects related to applications of laser-
based in the study of atoms, molecules and materials.




Know basic laser spectroscopy techniques used in materials analysis and characterization.

Have a basic understanding of non-linear interactions of high intensity electromagnetic radiation
(light) with matter and the study of ultrafast phenomena in atomas, molecules and materials.
Have obtained a good overview of research in Physical Chemistry (with emphasis on laser
spectroscopy) that will help in further graduate studies and their potential professional or
research career

General Competences
Taking into consideration the general competences that the degree-holder must acquire (as these appear in the Diploma
Supplement and appear below), at which of the following does the course aim?

Search for, analysis and synthesis of data and Project planning and management

information, with the use of the necessary technology Respect for difference and multiculturalism

Adapting to new situations Respect for the natural environment

Decision-making Showing social, professional and ethical responsibility and
Working independently sensitivity to gender issues

Team work Criticism and self-criticism

Working in an international environment Production of free, creative and inductive thinking
Working in an interdisciplinary environment ...

Production of new research ideas Others...

Search for, analysis and synthesis of data and information, with the use of the necessary
technology

Adapting to new situations

Working independently

Team work

Production of free, creative and inductive thinking

Working in an interdisciplinary environment

Production of new research ideas

(3) SYLLABUS

LECTURES

Lasers: Basic principles and types of lasers. Laser safety.

Fundamental processes of interactions between electromagnetic radiation and matter
(semiclassical approach, tome-dependent perturbation theory)

Spectroscopy Instrumentation

Laser spectroscopic techniques. Study of dynamic phenomena.

Absorption and Fluorescence Spectroscopy. Fluorescence microscopy. Applications in the study
of biomolecules and materials

Non-linear optics and multi-photon processes

Laser light scattering techniques in the study of macromolecules

LABORATORY EXPERIMENTS

No vk wheR

Optics and Lasers

Photelectron spectroscopy and imaging. Chemical Dynamics (Vacuum systems)
Time-resolved fluorescence spectrometry

Non-linear laser spectroscopy

Laser-induced plasma spectroscopy (atomic, molecular emission)

Raman microscopy

Dynamic light scattering




(4) TEACHING and LEARNING METHODS - EVALUATION

DELIVERY
Face-to-face, Distance learning, etc.

Face to face (classroom)
Distance learning (MS Teams platform)

USE OF INFORMATION AND
COMMUNICATIONS TECHNOLOGY

e E-class — course website (lecture ppt slides, problem sets,
literature papers)

ECTS

Use of ICT in teaching, laboratory education, | ¢ E-mail
communication with students
TEACHING METHODS Activity Semester workload

The manner and methods of teaching are Lectures 36
described in detail. N
Lectures, seminars, laboratory practice, La boratory sessions 16
fieldwork, study and analysis of bibliography, Study and Laboratory 52
tutorials, placements, clinical practice, art reports
w.o.rkshop,. interactive .t.eachlng., .edUCGtI.O(IG/ Literature presentation 20
visits, project, essay writing, artistic creativity, -
e Final exam 26
The student's study hours for each learning
activity are given as well as the hours of non-
directed study according to the principles of the Course total 150

STUDENT PERFORMANCE
EVALUATION

Description of the evaluation procedure

Language of evaluation, methods of evaluation,
summative or conclusive, multiple choice
questionnaires, short-answer questions, open-
ended questions, problem solving, written work,
essay/report,  oral  examination,  public
presentation,  laboratory  work,  clinical
examination of patient, art interpretation, other

Specifically-defined  evaluation criteria are
given, and if and where they are accessible to
students.

Greek language

Attendance of lectures (L)

Problem sets (P)
(4 sets during the semester)

Laboratory experiments and reports (E)
(4-5 experiments, 3 reports)

Oral presentation (O)

(Topic selected from recent literature)

Final exam (F)
(Written cumulative exam, Critical questions and
calculations)

Overall grade
G (scale 0-10) = 0,1*L + 0,15*P + 0,3*E + 0,15*0 + 0,3*F

The evaluation procedures and criteria are presented in the
introductory lecture (and reminded often during the
semester). Model exam questions are handed out.

(5) BIBLIOGRAPHY

uggested bibliography:

M. Young, ‘Optics and Lasers

e Lecture pptx slides

- Related academic journals:

P. W. Atkins, ‘Molecular Quantum Mechanics’, Oxford
J. Wilson, J. Hawkes, ‘Optoelectronics

-S
1
2
3
4. W. Demtrdder, ‘Laser Spectroscopy’ Vol.1, Basic Principles, 4™ ed. Springer
5.  W. Demtrdder, ‘Laser Spectroscopy’ Vol. 2, Technology, 4™ ed. Springer

6. P.F.Bernath, Spectra of Atoms and Molecules, Oxford University Press

7. P.W. Atkins, J. de Paula, J. Keeler, ‘Physical Chjemistry’

8. D.C. Harris, M.D. Bertolucci, ‘Symmetry and Spectroscopy’ (Dover, NY 1978)
9. J.M. Hollas, ‘Modern Spectroscopy’ (John-Wiley & Sons, NY 1996)

10. C.S.Johnson, D.A. Gabriel “Laser Light Scattering” (Dover, 1994)

e Relevant literature and review articles

Physical Chemistry and Spectroscopy Journals




