(1) GENERAL

COURSE OUTLINE

SCHOOL

SCHOOL OF SCIENCES

ACADEMIC UNIT

PHYSICS DEPARTMENT

LEVEL OF STUDIES

UNDERGRADUATE

COURSE CODE

202 | SEMESTER | 6,8

COURSE TITLE

MOLECULAR PHYSICS

INDEPENDENT TEACHING ACTIVITIES WEEKLY

if credits are awarded for separate components of the course, e.g.
lectures, laboratory exercises, etc. If the credits are awarded for the EACRIE CREDEES
whole of the course, give the weekly teaching hours and the total credits

HOURS

4 5

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
knowledge, skills development

Special background

PREREQUISITE COURSES:

LANGUAGE OF INSTRUCTION
and EXAMINATIONS:

Greek

IS THE COURSE OFFERED TO
ERASMUS STUDENTS

Yes (Greek)

COURSE WEBSITE (URL)

The associated webpage in the E-course platform of the
University of loannina




(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
o 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
o Guidelines for writing Learning Outcomes

The aim of this course is to provide students with the knowledge of fundamental aspects of Molecular
Physics and the interaction of molecules with electromagnetic radiation. Introducing the appropriate
approximations (Born- Oppenheimer), the electronic motion, the eigenstates and the corresponding
wave functions (molecular orbitals) are discussed in terms of quantum mechanics. In particular, the
nature of the chemical bond is described in a comparative way in terms of the Valence Bond & the
Molecular Orbital quantum Theories. The module starts with a detailed description of the molecular
bond starting from the simplest case of H. “towards molecular systems of increasing complexity:
diatomic, polyatomic ones and the use of hybrid orbitals for the latter case. Similarly, the nuclear
motion is described by taking into account the rigid rotator and the non-rotating harmonic oscillator
approximations, and the corresponding vibrational and rotational states (energies and eigenfunctions)
are introduced. Special emphasis is placed on the interaction of molecules with photons in different
wavelength regions (from UV to Visible to mid-infrared to microwaves), the selection rules and the
information on the Molecular structure, which can be drawn by using the associated Spectroscopic
techniques.

Upon the successful completion of the course the student:

e Should have a consolidated knowledge for the order of magnitude for a series of fundamental
guantities in the field of Molecular Physics: size, bond strength, the energy of the electronic-
vibrational-rotational states, the corresponding timescales of electronic and nuclear motion.

e He/She will be able to apply the Variation Theory and the Molecular Orbital Theory to
calculate the bond dissociation energy, the equilibrium bond length and the distribution of
the electronic charge for the case of Hz+.

e He/She should be able to use apply the Molecular orbital Theory on the description of the
electronic structure of diatomic molecules: the bonding or non-bonding character of the
molecular states, their symmetry, the corresponding molecular term symbol.

e He/She should be aware of the dependence of nuclear motion on the characteristics of the
molecular orbitals (qualitative features of electronic distribution, shape of the Morse
potential) and the physical mechanisms leading to the mixing of vibrational and rotational
spectra.

e He/She should be able to use Molecular Spectra (Absorption-Emission-Raman) and search for
the required information in the available literature to draw qualitative conclusions about the
properties of the molecular sample.

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...

Team work, Working independently, Decision-making.

(3) SYLLABUS



¢ Molecular properties: Shape, size, molecular bond, dipole moment, polarizability.
e Molecular symmetry. The Schrédinger equation-Born Oppenheimer approximation, electronic
states, Molecular orbitals, Morse Potential.
¢ Nuclear motion — vibrational & rotational states, examples of molecules and the corresponding
timescales, energies, absorption wavelengths
- Rotational motion _ states —transitions — spectra —isotopic labeling
- Vibrational motion _ states — transitions — spectra
- Interaction of Vibrational & rotational motion, molecular states of mixed character —the molecular
vibrational/rotational spectra.
e Electronic transitions - Franck-Condon factors, selection rules, emission (Fluorescence,
Phosphorescence, non-radiative relaxation, bond dissociation, Multiphoton absorption and ionization.

(4) TEACHING and LEARNING METHODS - EVALUATION

DELIVERY | Face-to-face

Face-to-face, Distance learning, etc.

USE OF INFORMATION AND | The ppt presentations and the notes used by the tutor
COMMUNICATIONS TECHNOLOGY | during the lectures are available in the Molecular Physics

Use of ICT in teaching, laboratory education, | webpage in the E-course online platform of the University
communication with students

of loannina
TEACHING METHODS Activity Semester workload
The manner and methods of teaching are Lectures (Theory) 39
described in detail. P
; . tuition 13
Lectures, seminars, laboratory practice, -
fieldwork, study and analysis of bibliography, | | Study &  analysis  of 55
tutorials, placements, clinical practice, art bib]iography
workshop, interactive teaching, educational Essay writing 15
Visits, project, essay writing, artistic creativity,
etC. Exams 3
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 ECTS
Course total 125
STUDENT PERFORMANCE | Written Exam (100%).

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.

(5) ATTACHED BIBLIOGRAPHY

- Suggested bibliography:
e  Physical Chemistry, Peter Atkins, J. De Paula (2014)
e  Molecular quantum mechanics, Peter Atkins, Rional Freidman (Oxford University Press)




3. Meprypappata Madnuatwyv lpoypappatog Emovdwv

2TV evotnTa aQuti TapPovoLdlovIal T CUVOTITIKA TEPLYPAUUATA TWV UAONUATWY TOU S1OAOKOVTAL 0TO
Hpoypauua XTovdav, gite autd Tpoopépovtal amo To TUNua mov eivat vtevBuvvo yia to 11X 1 and dAda
tunuata. To meplypauua kabe uadnuarog kaBopilel Th HOPPY, TO OKOTO, TA UAONCLAKE ATOTEAéoUATA
Kal TO TIEPLEYOUEVO TOU UAONUATOC Kat TPOSIaypd@peL TOV TPOTO VAOTONonS ThE SIOaKTIKNG Kat
uabnotakrc Siadikaciac kat tov Tpomo aéloAdynong twv @oitntav. To mepilypauua tov uabruatog
amotedel T faon mavw oTnV omola 0 SI6ATKWV TOU UadNUATOS avanmTUoaEL TOV TPOTo Sidackaliag Tov
£T0L WoTE QVEEaPTHTWS TOV SI6ATKOVTOG 1) TwV SLOACKOVTWYV Va TANPOUVTAL 0L fACIKES TTPOSLAYPAPES Kl
Va EMITUYYXAVETAL 1) EMITEVEN TWV pabnolakwv amoteleocudtwv.. (6eite kar Hapaptnua ')

To mepilypappa kabe padnuatog mepAauPAvel TIG TANPOEPOPIEG OTIWG GTO EVSEIKTIKO £VTUTIO TIOU
akoAovBel (IMapadeiypata Meprypappatwv Bplokovtal avaptnuéva otov totdtomo g AAII):

NEPITPAMMA MAOHMATOz2

(1) TENIKA
2XOAH | OETIKQN EMIZTHMQN
TMHMA | OYZIKHZ
EMINEAO 2NOYAQN | MPONTYXIAKO
KQAIKOZ MAGHMATOZ | 202 | EZAMHNO 2NOYAQN | 6,8
TITAOZ MAOGHMATOZ | MOPIAKH QYZIKH
AYTOTEAEIZ AIAAKTIKEZ APAZTHPIOTHTEZ

O€ TTEPINMTWON TTOU OL TILOTWTLKEG LOVAOEG ATTOVELOVTAL OE SLOKPLTA UEPN EBAOMAAIAIES

Tou padnuarog m.y. AtaAésic, Epyaotnplakéc AoKNoeis k.AT. Av ot QPES NIZTQTIKEZ
TILOTWTIKEG UOVAOEG QITOVEUOVTAL EVIXX YL TO OUVOAO TOU UadNUATOG AIAAS IAS MONAAEZ

avaypate tic eBbouadiaies wpes Stbaokaliog kat to oUvoAo Twv Aol

TLOTWTIKWY HOVAS WV
4 5

MpooYéate oelpéc av xpetaotel. H opyavwaon dtdaokadiag kat ot
OLOAKTIKEC UETOSOL TTOU XPNOLLOTIOLOUVTOL TIEPLYPAPOVTAL AVAAUTIKA OTO

(6).

TYNOZ MAGHMATOZ

yevikoU urtoBadpou,

£16kou unoBadpou, edikevaong

VEVIKWV YVWOEWV, avamtuéng Selotritwv

EL8LKELONC YEVIKWY YVWOEWV

MNPOAMAITOYMENA MAOHMATA:

FNQ23A AIAAZKANIAZ kow
EZETAZEQN:

EAANVIKA

TO MAGHMA NMPO:MEPETAI ZE
OOITHTEZ ERASMUS

HAEKTPONIKH ZEAIAA
MAGHMATOZ (URL)

http://www1.physics.uoi.gr/atomol/index_files/Page3239.htm



http://www1.physics.uoi.gr/atomol/index_files/Page3239.htm

MAGHZIAKA ANOTEAEZMATA

Ma6nolaka AntoteAéopata
Meptypapovral ta padnoLaKd amoTEAECUAT TOU UoINIUOTOG Ol CUYKEKPUUEVEG YVWOELS, SEELOTNTEG KA LKAVOTNTEG
kataAArjdou emumédou mou T aTOKTIIOOUV OL POLTNTES UETA TNV EMLTUXT 0AoKANpwon Tou Uadnuatog.
SupBouleurteite to Mapaptnua A
o [leptypacri Tou Emutédou twv Madnotakwy ATTOTEAECUATWY yLa KATE Eva KUKAO armoudwv ouupwva ue to lMAaioto
Mpoadvtwv Tou Eupwmnaikou Xwpou Avwtatng Eknaideuang
o [leptypapikoi Acikteg Emutébwy 6, 7 & 8 tou Eupwnaikou MAataiou Mpoadviwv Awd Biou Madnang kat to lNapdptnua B
o [lepiAnmtikg O8nyoG ouyypaprc Madnaotakwyv AmoteAsoudtwy

To HABnua mapEXeL 0TO GOLTNTH YVWOELG OXETIKA UE TN SOUN TWV Hopilwv Kal Tnv Kataypadn
KOl avAAUON TWV HOPLOKWY GoopdTwY. MeTA TNV emutuyr oAokArpwaon Tou pabnuatog o
dottntng /TpLa:

e Oa £xel eUMedWOoEL TNV TAEN HeYEBOUC yla XOPAKTNPLOTIKEG PUGCIKEC TTOCOTNTEG
OXETIKEG HE TN Hoplakn Soun: to péyebog Twy poplwy, TG EVEPYELOKES ATIOOTACELS
TWV NAEKTPOVLIOKWY, SOVNTIKWY, TEPLOTPODLIKWY KATAOTACEWY KOL TIC QVTLOTOLYEC
XPOVIKEG KALUOKEC KIVNONC, TNV EVEPYELO SEGUEVCNC TWV LOPLOKWY SECUWV.

e QOa eival og Béon va epapudoel ) Bewpia petaBolwv kot th Bewpla poplakwv
TPOXLOKWV YlO TOV TIPOOCEYYLOTIKO UTIOAOYLOUO TNG €VEPYELOG SECUEUONG KAl TN
pHopdr TNG KATAVOWUNE TOU NAEKTpoviakoU ¢opTiou yla TV MEPLMTWON TOU LOVTOC
poplakol udpoyovou (uno tnv mpocgyylon Born — Oppenheimer).

e Oa é£xel eunedwoel tn pebBodoloylar HEAETNG TOAUTTAOKOTEPWY  HOPLOKWY
ouotnuatwy (ekwvwvtag and to poplo Hy) kal Ba Bpioketal os BEon va TPoTElvEL
NV nAekTpoviakr poplakn diataén (ovopatoloyio, cuPPETpia) Kat tn otaBepotnta
TWV QVTIOTOLYWV HOPLAKWY KATACTACEWY (6£0UIKA — AVTIOEGLKA LOPLOKA TPOXLOKA-
Ta&n Seopou- uPPLELOUOG).

e Oa €xelL KOTAVONCEL TNV eNMidpacn TNG LOPGNE TOU HoPLAKoU TPOXLOKOU (KOUTTUAEC
SUVOLLKNG EVEPYELAG — SECULKO & OVTLOECULKO TPOXLAKO) OTNV KIvNon TWV MUPHVWY
(6ovntikn — meplotpodikn), KaBwWG Kat Ta Guctkd aitia tng aAnAemidpaong ylo ta
600 €idn kivnong (buyokevipn mapapopdwaon, avapUovIKOTNTa).

e Oa elval oe Béon, xpnowomnowwvtag oaopatookornikd dedopéva (amoppodnong-
EKTIOUTNG- okéSaong Raman), va e€AyeL TIOLOTIKA CUUMEPACUATO YLO TN Sour Twv
popilwv (ta dtopa amod ta onmola anoteAolvral, TV Tafn deopol), Kabwg Kal Tov
UTIOAOYLOMO HEYEDWV OXETIKWV HE TN YEWHETPLA TWV AVTIOTOLXWV KATAOTACEWV
(“uARkog” Seopol -CXETIKA ywvia LETAED TWV EMUEPOUG LOPLAKWY SECUWV).

FeEVIKEG IKOVOTNTEG
NauBavovtag unon TIC YEVIKEG LKOVOTNTEG TTOU TIPETIEL VAL EXEL QTTOKTIOEL O TITUXLOUXOG (OTTWE QUTEG QVAYPaPOVTAL OTO
Mapaptnua AutAwuartog kot mapatidevral akoAoUvdwg) o€ moLa / TOLEG QO AUTEG ATTOTKOTTEL TO pAdnua;.

Avadliitnon, avaiuon kat cuvdean SeSouvwy Kat SXEOLAOUOC KoL Slaxeiptan Epywv

TIANPOWOPLWY, UE TN XPHON KAl TWV amapaitnTwv 2eBa0U0G O0TN SLAPOPETIKOTNTA KAl OTNV TOAUTTOALTIOUKOTNTA
TEXVOAOyLWV 2eBaoudg ato puoiko reptBaiiov

lMpooaployr) O€ VEEC KATAOTHOELG Entibetén kowvwvikng, emayyeAUatikric kot nOkr¢ urteuBuvotntag
AnYn amopacswv Kot evatoBnaoiag o Yéuata @UuAou

Autovoun epyaoia AOKNON KPLTIKAG KOl QUTOKPLTIKAG

Ouadikn epyaoia Mpoaywyn tng EAeUVEPNG, SNULOUPYLKIG KOL ETTAYWYLKIG OKEYNG
Epyacia oe 6tedveg neptlBdAdov L.

Epyaocia o€ SLemotniuoviko neptBaAlov AMegg...

Mapdywyn VEwv EpEVVNTIKWY ISEWV s

Autovoun spyaoia

Availntnon, availuon kot ouvBeon Sedopévwy Kol TAnpodoplwy, UE TN XPAOoN Kal Twv
QmapAlTNTWVY TEXVOAOYLWV

AQYn anodpacewv




(2) NEPIEXOMENO MAOGHMATOZ

e [eVIKA XOpOKTNPLOTIKA Mopiwv _ Ixnua, Méyebog, Moplakog Seopog, AUTOALKA porh,
MoAwouotnta.
® JTOLXELOl HOPLAKAC CUUHETPplag  Oswpia Opadwy onueiov. KBavtikn meplypadr popLokol
ouvotnuatoc _MNpooéyylon Born_Oppenheimer-HAektpoviakeég kataotdoel _ Mpoaoéyylon
HOPLAKWVY TPOXLOKWY _ KommUAEG SUVALLLKNG EVEPYELOLG.
e Kivnon mupnvwv: TOAQVTWTIKEG KoL TIEPLOTPODIKEG KATAOTAOCEL, _ Evépyela poplakou
ouotnUaTog- Auvaptko Morse.
- Neplotpodikny kivnon _ Eidn meplotpodéwv- Metafdoelg _ Kavoveg emhoyng _
MNeplotpodika paopata
- AovnTkn kivnon _ MetaBaoelg kavoveg emthoyng _ Aovntika Odopata
- AMnAenidpaon SovnNTIKwY _ TEPLOTPOPIKWY KATAOTACEWY, SOVNTLKO-TIEPLOTPOPLKEC
kataotaoelg - Qaoparookornia Raman.
e HAektpoviakég petafdoslg _ Yuvtedeotég Franck- Condon, kavoveg emiloync.
AktwvoPBoAntikry  Amodbiéyepon (DBoplopdg- dwodoplopdg) _ pn aktwoBoAnTtikn
anodléyepon. loviopog — Moplakn Aldomaocn, MoAUDWTOVIKEC CUVTOVIOTIKEG KOL HNn
OUVTOVLOTIKEC Sladikaoieg S1€yepong, MoAUDWTOVIKOG LOPLAKOC LOVIGUOG.

(3) AIAAKTIKEZ kot MAOHZIAKEZ MEGOAOI - AZIOAOTHZH

TPOMOZ NAPAAOZHZ | Mpoowrto e MPOowTo StéaoKaAla
lMpdéowro ue mpoowro, EE
QIOOTAOEWG EKTTAISEVON K.ATL.

XPHZH TEXNOAOTIQN | Xpnowpomoleital otooeAiba tou epyactnpiou ATOUIKNAG Kol
NAHPO®OPIAZ KAI
ENIKOINQNIQN

Xprion T.I1.E. otn Abaokadia, atnv

Epyaotnpuaki Eknaidevon, oty | gty S18BE0T ONUELWOEWV KoL OTTTIKOU UALKOU/Stadavelwv
Emukotvwvio UE TOUG QOLTNTEG

Moptakrg QuotkAg:
(http://wwwl.physics.uoi.gr/atomol/index files/Page3239.htm)

TIOU Xpnotwdomolouvtal ot SlaA£€elg, KabBwe Kal yla tnv
OVAPTNON AVOKOLWVWOEWV.

OPrANQzH AIAAZKANIAZ A p ®doptog Epyaciac
Meptypapovroat avaAutikd o paotnplotnta Eaunvou
Tpomoc kat uedodol Stbaokadiag. ; y
doAgec, Sepvdoia, AlaégeLg '(G)swpta) 39
Epyaotnplaxri Aoknon, Acknon Opovtiotnplo 13
Mediou, MeAetn & ava/\’uan M 8)\8"0’] BLBMOVPO@' iOLQ 55
BiBAoypapiag, @povriotrplo, -

Mpaktikry (Tomo9€tnon), KAwikn Mn kaBodnyoupuevn 15
Acknan, KaAditexviko Epyaatiiplo, ug)\étn

Aadpaotikn Stbaokalia, r S E T 3
EKTTaUOEUTIKES ETUOKEWELG, PAUTTTEG ECETAOELQ

Ekmévnon UEAETNG (project),

Suyypapn epyaciag / epyactwv,
KaAAwtexvikn Snutoupyia, KA.

Avaypdpovtal oL wpeG UEAETNG
T0U outnT yla kade puadnolakn
Spaatnplotnta Kadwe KAt oL WPEG SUvolo Mab r'] HOTOG 125
un  kaBobnyouuevng  UEAETNG
oUUQpwWVa UE TLG ap)EG Tou ECTS

AZIONOTHZH OOITHTON | Mpamtég EEeTAoELC 0TO TEAOG TOU LABAATOC OL OTIOLES
Mepypapr me Sadikaoiag ' . / ,
adopoulv oTnVv Katavonon tng Bewplag kat Tnv emiAuon

aéloAoynang

npoBANUATWV.
Mwooa A&oAdynong, Médobot
aéloAdynong, Awauoppwtikny N
SUUTTEPUOUATIKT, Aokiaoia
MoAdamAric  Emidoyrig, Epwtrjosig
Suvroung Amavinong, Epwtroelg
Avarntuéne  Aokwuiwv,  Emiduon



http://www1.physics.uoi.gr/atomol/index_files/Page3239.htm

MpoBAnuatwy, [lpanty Epyaoia,
Ex9eon / Avagopd, [Mpopopikn
Eé€taon, Anudowa [Mapouoiaon,
Epyaotnptaky Epyacia, KAwwkn
Eéetaon Aodevoug, KadAitexvikn

Epunveia, AAAn / AAAeg
Avapépovtat pnta
poabloploueva KpLrripla

aéloAdynong kat eav kat mou eivat
npooBaotila oo TOUG POLTNTEG.

(4) ZYNIZTQMENH-BIBAIOTPADIA

e  Quowoxnuela, Peter Atkins, J. De Paula, Maveniotnuakég Ekddoeis Kpntng (2014).
e Molecular quantum mechanics, Peter Atkins, Rionald Friedman (Oxford University
Press).




