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AviXveuan IWV TOU QVATTVEUCTIKOU

Clinical Spectroscopy 5 (2023) 100025
Contents lists available at ScienceDirect

Clinical Spectroscopy

ELSEVIER journal homepage: www.sciencedirect.com/journal/clinical-spectroscopy
. . . . Check for

Detection of several respiratory viruses with Surface-Enhanced Raman i

Spectroscopy coupled with Artificial Intelligence
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Avixveuon SARS-CoV-2

scientific reports Sci Rep. 2022 Mar 8;12(1):3775.
doi: 10.1038/541598-022-06632-7

W Check {or updates

Portable real-time colorimetric
LAMP-device for rapid quantitative
detection of nucleic acids in crude
samples

G. Papadakis™*"", A_ K. Pantazis™, M. Fikas™?, 5. Chatziioannideu™", V. Tsiakalou®,
K. Michaelidou®, V. Pogka®, M. Megariti', M. Vardaki™®, K. Giarentis”, ]. Heaney®’,
E. Mastouli®’, T. Karamitros®, A. Mentis®, A. Zafiropoulos®, G. Sourvinos®, 5. Agelaki- &

E. Gizalit®**

Ynstitute of Molecular Biclogy and Bictechnology, Foundation for Research and Technology-Hellas, 100 M. Plastira
Str., 70013 Heraklion, Gresce. 'BIOPEE DMA TECHMOLOGY PC, Science and Technology Park of Crete, 100
M. Plastira Str., 70013 Heraklion, Greaca. "Department of Biology, Univarsity of Crate, 70013 Voutes, Heraklion,
Greece. *Laboratory of Translational Oncology, School of Medicine, University of Crete, 71500 Heraklion,
Greece. “National SARS-CoV-2 Reference Laboratory, Hellenic Pasteur Institute, 127 Vas. Sofias Ave.,
11521 Athens, Greece. *Advanced Pathogens Diagnostics Unit, University College London Hospitals MHS Trust,
Landan WE1H Q4% UK. "UCL Great Ormand Street Institute of Child Health, Lendon, UK. ®Laboratory of Clinica
virglogy, School of Madicineg, University of Crete, 71500 Heraklion, Gresce. "Department of Medical Oncolagy,
University General Hospital, 71110 Heraklion, Greece. “email: gpapadakisi@biopis-t.com; gizeli{@imbb_farth gr
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Avixveuon SARS-CoV-2

PYZIKC Dimenslons: 11x10x10 cm - Waight: 370 g



NASA'’s Mars Science Laboratory-2020

Perseverence Rover

Mastcam-Z SuperCam

Zoomable Panoramic Cameras Laser Micro-Imager

SHERLOC
. _ N MEDA Ultraviolet Spectrometer

_ Weather Station WATSON (Camera)

RIMFAX

Subsurface Radar

PIXL

X-ray Spectrometer

MOXIE

Produces Oxygen from Martian CO,
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NASA'’s Mars Science Laboratory-2020

Elemental composition
Laser Induced Breakdown Spectroscopy (LIBS)

Mineralogy, Molecular Analysis
Raman spectroscopy
Time-Resolved Fluorescence (TRF) spectroscopy

Visible and InfraRed (VISIR) reflectance spectroscopy (400 — 900 nm,
1.3-2.6 um)

Imaging
High-resolution images of samples under study using a color remote
micro-imager (RMl)
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NASA'’s Mars Science Laboratory-2020

SuperCam




NASA's Mars Science Laboratory-2020
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EUMETSAT - IASI

Infrared Atmospheric Sounding Interferometer (IASI)
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THE ROYAL SWEDISH ACADEMY OF ENCES

& acanenies — Bpapeio Nobel oTn Xnueia, 2023

Columbia U. (USA)  NT Inc. (USA)

MIT(USA) " [AT&T Bell Labs] [Vavilov 1.O. (Russia)]

The Nobel Prize in Chemistry 2023 was awarded jointly to
Moungi G. Bawendi, Louis E. Brus and Alexei . Ekimov "for _12{n=3

. " g %‘
the discovery and development of quantum dots”. g%
The three Nobel Laureates are recognized for the discovery and synthesis of 4~ﬁ
nanometer-sized semiconductor crystals, the properties of which are o
determined by quantum size effects. Referred to as quantum dots, such S Tk

nanoparticles are so small that their physical size determines the quantum

KBavtwan g evépyeiag Adyw
mechanical states of the material’'s charge carriers. B NG EVEPYEIDAG AOY

TIEPIOPITNOU TNG Kivnang
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& aaneniey - BpoBeio Nobel atn Quaoiki, 2023

THE ROYAL SWEDISH ACADEMY OF SCIENCES

H\

The world of electrons is explored
with the shortest of light pulses

When Laser light 15 transmitted through 3 gas, ultraviolet — _1 8
overtones arise from tha atoms (n the gas. In the right 1 aS = 1 X 1 O S
condibions, thase ovarfones may be in phase. When thair

cyctes coincide, concentrated attosecond pulses are formed

OVERTONES ARE
SUPERIMPOSED

The Nobel Prize in Physics 2023 was awarded W

jointly to Anne L'Huillier, Pierre Agostini and Ferenc
Krausz "for experimental methods that generate H «kivnan» Twv NAEKTPOVIWV gival TTOAU
attosecond pulses of light for the study of electron ypriyopn omdTe n akpIPn¢ Tapatrpnot)

dynamics in matter”. NG amaitei oAU Bpayeic TaAuouc.
The three Nobel Laureates in Physics 2023 are being
recognized for their experiments, which have given humanity

Observation of Attosecond Light Localization in Higher Order Harmonic Generation

. A . N A Papadogianms. B. Witzel, C. Kalpouzos, and D. Charalambudis®
neW tOO|S for eXplorIng the World Of eleCtronS InSIde atomS and Foundartion for Research and Trn‘--mn';.)‘g(\?!gf’im: Instin .} (t;: 'v* S'(';\u;:ur(-ir.‘i"L‘:v.'u'v Laser and Applications Division
gl f M, L2 Lree
(Recerved 22 March 1999)
m0|eCU|es' They have demonStrated a Way to Create eXtremer The superposition of selected lugher order hammonics and contmuvons backgroved, produced o Ar
' ' pas through two time delayed 60 5 pulses at 500 nm. 15 measured as 3 function of their delay tune
ShOl’t pUIseS Of Ilght that Can be used to measure the rapld An solated less than ;ru) ns sharp feature, idicative for pulse production i the attosecond regeme
followed by n subfemtosecond beatmg, mdicative for the production of trmas of wob-fs XUV palses, 1s
clearly observable 1 the resulting temporal trace. The trace Founer transforms to a frequency spectnum
< Sses In WhICh eleCtronS move or Change energy cotmposed of hanmomes from the selectad ensemble and o contmmous background that coerelates wth
¥ G -"" the observed ultrashort feature  Numencal smlation spectra encompass sinubar temporal locakzation
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& acaoruiey - Bpapeio Nobel on Quoikiy, 2018

THE ROYAL SWEDIS EMY O ENCES

Tools made of Ilght Otav Ta Aéilep €epeuvolv

f.f \ QVTIKEIMEVO VAVODIOOTATEWY
/ Q KOl UTTEPTOXEIES DIEPYUOIiES
—-— ™ APk
— > e ,;,/3’—,
CH VT
/ 7, l ,-( [
" 2| ‘ v’ l

¢
/ Gerard Mourou;'s .
/ Donna Strlckland-\e C

Arthur Ashkin

The Nobel Prize in Physics 2018 was awarded “for groundbreaking inventions in the field of laser

physics” with one half to Arthur Ashkin “for the optical tweezers and their application to
biological systems” and the other half jointly to Gérard Mourou and Donna Strickland “for their
method of generating high-intensity, ultra-short optical pulses”.

Their inventions have revolutionised laser physics. Extremely small objects and incredibly

rapid processes are now heing seen in a new light. Advanced precision instruments are
opening up unexplored areas of research and a multitude of industrial and medical applications.
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skaoevien — Bpafeio Nobel otn Xnpeia, 2014

THE ROYAL SWEDISH ACADEMY OF SCIENCES

: Otav Ta Aé1ep kai n
Super-resolved fluorescence microscopy
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Nepypadn padrparog

To padnpua ewoayet tov/tnv portntr/Ppottitpla otn LLKpooKoTik Bewpnaon tng UANG
napouotalovtac TG PAOLKEC EVVOLEC TNC KBOAVTOUNXAVIKAC TIEPLYPADC OTOUWY KAl LOopLwV
KOl TNV EPAPLOY QUTWV OTN MEAETN KOl KATAVONON TNG TOULKNC KoL LOPLAKNG OOUNC UE
KUpLo epyaeio Tic peboddouc dbaopatookornioc.

2to mAaiolo Tou pobrpatoc:

e Juotnuatomoleital n reptypadr tTnG SOUNG KoL TOU EVEPYELAKOU TIEPLEXOUEVOU ATOUWV
KOl LOPLWV HECW TWV OVTLOTOL{WV KUUOTOOUVOPTHOEWY (QTOULKWY KOl LOPLOKWVY
TPOXLOKWY) KOL TWV OXETIKWV KBAVTIKWY KOTAOTACEWV.

e E&etalovtal oL HETOBACELC LETAED EVEPYELOKWY KATAOTACEWV TTOU AapBdavouy xwpa
AOYW aAANAETILOPACEWV NAEKTPOUOYVNTLKAC akTVOBOoALaC (PpwToC) pe TNV VAN Ko
neplypadovtal ot BACLKEC aAPXEC NAEKTPOVIOKAC GAOUATOOKOTILOG TTOAUNAEKTPOVIOKWVY
QTOUWV Kal TIEPLOTPOPLKNC, SOVNTLKAC Kol NAEKTPOVLIAKAC GACHATOKOTILAC LopLwy.

* Enioncg mapouoialetal Eva véo gpyaleio, n pabnuatikn pEBodog tng Bewplag opddwy
OUMUETPLOC onUELoU, KaL N Xxprion autol otnv MepLypadr) TwV LOPLAKWY TPOXLAKWY KOl
TWV TAAAVTWOEWV OE HOpLaL.
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Nepypadn padrparog
MNpoamoltoULEVEC YVWOELC UTIOBABOpoU

Apxec Xnueiag (XHM-043), MaBnuatika | kat [l (XHM-011, -012), Quown | kat Il (XHM-013,
-017)

Epyaotnplo

Awdaoketal mapadAAnAa pe to Epyactiplo Quotkoxnueiag-I (XHM-311) oto omoio
napoucldlovtal o€ EPYaoTNPLOKO EMIMESO PBAOCLKEC TEXVLKEC OTITLKNC Kol POOUATOOKOTILOG
ylo tn LEAETN TNG UANCG.

ls 1P 1D BS 3P 3D
ICCD AT N 12000| h ups ] %00 o, | :
— ._.'G fical Gate=2000 ns - 2 ’s D.ss
/ FE t;ca 10000 - {  so000} A\ D,,s
Spectrograph iber = . 470299 nm | s
& < 8000} 17 40000t / ; |
Z 516 518 520 S Py '
> NG ! .
PC 5&mP|EIa—_ 2 000} ca g { z 30000¢ 72 38530 nm
Lens GC_) E _ 518.360 nm o 383.829 nm
+= 4000 . 20000 F ! 01,2
= [ . L 1
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2000 } 3 10 10000 !
6 1 |
Nd:YAG Laser, 1064 nm 0 I I ol LS, !
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Wavelength (nm)
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Mpoodokwpeva anoteAEopata
Ot dotnNTEC/POLTATPLEC, LETA TNV ETUTUXN OAOKANpWON TOU HOBRUATOC AVOUEVETOL VAL

e £YOuVv yvwon Twv Baotkwv epappoywv TG KBavtikng Bewplag otnv neplypadn tng
SOMUNAC KOl TWV EVEPYELAKWY KOTAOTACEWV OTOUWV KOl LOPLwV.

e yvwpilouv TIc PaoIKES apXEC Tou SLEmouv TtV aAAnAenidpaon pwtoG-UANC KaL TLC
KUPLEC HEOOSOUC PACATOOKOTILOC TTOU XPNOLUOTIoloUVTaL 0TN MEAETN TNG SOUNC TNG
UANG.

e £Youv Tn duvatotnTa XPROoNS TWV YVWOEWV TOUG Kal Twv HeBOdwv rou dbdaxBnkav yla
TNV Katavonon Baotkwv tpoBAnpdtwy tou oxetifovral pe tn dopn tng VANCG KoL TV
aAANAentidpaon dwTOC-UANG WOTE va TapakoAouBrjoouv pe mttuyia To padnpoata oto
UTTOAOLTTO TWV OTIOUS WV TOUG.

Avantuén wkavotitwv (skills)

» 'ExBeon o€ VEEC ETLOTNOVLKEG EVVOLEC KOl EPYOAEL

e Avutovopun epyaoia, Mpoaywyn tng eAeUBgPNC, SNILOUPYLKAC KoL EMAYWYLKAC OKEPYNC
* [lpocappoyrn o€ VEEC KATAOTAOELG

- Avalntnon, availvon Kol cuvBson dedopevwy Kat TAnpodopLwy, LE TN XPAON KoL TwV
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Qaoparookotria Kol Mopiakn ZUppETpia
Oewpia Opadwv (Group Theory) '
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Bpafeio Nobel Quoikng 2013

The Nobel Prize in Physics 2013 was awarded jointly
' to Francois Englert (Université Libre de Bruxelles,
Brussels, Belgium) and Peter W. Higgs (University of
Edinburgh, Edinburgh, United Kingdom)

"for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass
of subatomic particles, and which recently was
confirmed through the discovery of the predicted
fundamental particle, by the ATLAS and CMS
experiments at CERN's Large Hadron Collider”

http://www.nobelprize.org/nobel_prizes/physics/laureates/2013/
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Peter Ware Higgs CH DSc PhD MSc BSc FRS FRSE FlnstP

Peter Higgs was born on 29 May 1929 in the Elswick
district of Newcastle upon Tyne, UK.

He graduated with First Class Honours in Physics from
King’'s College, University of London, in 1950.

A year later, he was awarded an MSc and started
research, initially under the supervision of
Charles Coulson and, subsequently,

Christopher Longuet-Higgins.

In 1954, he was awarded a PhD for a thesis entitled
'Some Problems in the Theory of Molecular Vibrations',
work which signalled the start of his life-long interest in
the application of the ideas of symmetry to physical
systems.

http://www.ph.ed.ac.uk/higgs/peter-higgs
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Peter Ware Higgs CH DSc PhD MSc BSc FRS FRSE FlnstP

“Theoretical Determination of Electron Density in Organic Molecules” (with C.
A. Coulson, S. L. Altmann and N. H. March) Nature 168, 1039 (1951)

THE JOURNAL OF CHEMICAL PHYSICS VOLUME 21, NUMBER 7 JULY, 1953

An Application of Perturbation Theory to the F and G Matrix Method of Calculating
Molecular Vibration Frequencies

P. W. Hices
W healstone Physics Laboratory, King's College, Strand, London, W.C. 2., England.

(Received February 17, 1953)

THE JOURNAL OF CHEMICAL PHYSICS VOLUME 23, NUMBER 8 AUGUST, 1955

Perturbation Method for the Calculation of Molecular Vibration Frequencies. II.
Generalization of the Theory

P. W. Hicas
W heaistone Physics Laboratory, King's College, Strand, London, W. C. 2, England

(Received November 4, 1954)

THE JOURNAL OF CHEMICAL PHVYSICS VOLUME 23, NUMBER 8 AUGUST, 1955

Perturbation Method for the Calculation of Molecular Vibration Frequencies. III.
Skeletal Stretching Vibrations of Normal Paraffins

P. W. Hices*
Wheatstone Physics Laboratory, King's College, Strand, London, W.C. 2, England

(Received November 13, 1954)
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OAZMATOZKOIMMIA

— Ti gival paoua ;
— [1aTi TTOPATNPEOUME PACHATA ;
—  OewpnTIKO UTTOROBPO (KBavTounxavikn)

— ATOUIKN KOl JOPIaKN POCUATOOKOTTIO
HAekTpOVIKN, OOVNTIKA, TTEPIOTPOQYIKN, TTUPNVIKOU UAYyVNTIKOU
ouvroviouod, ....

—  MepIKEC BATIKES EVVOIEC

— 2TolXEia opyavoAoyiag B1BAOVOUOIa i LENET

AtOX_Kep.11A
AtPX-2014_Ke.9,12,13
CT_Kegp.11.1, 14.1
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HB_Ke@.2
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dwc¢ = HAektpopayvntiki akTivoBolia / pwTovia

KuUpla xapaktnpioTIKa (KUupa 1 cwuaTio?)

DG

2.uUxvoTnTa : v =_C/\

® = 2nv = 21 c/\
Mnkog kupatog: A =clv
KupaTtapiOuog : 1/X

) Evépyeia owTtoviou: E =hv =hc/h =ho

s (Hz)
rad-s (Avis)
m (nm, ym)
m- (cm?)

J(eV)  EIxéonPlanck
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dwc¢ = HAektpopayvntiki akTivoBolia / pwTovia

To nAekTpOUAYVNTIKO PpACHO

Wavelength/m P.W. Atkins, J. de Paula, Physical Chemistry

1 10" 10° 10* 10° 10° 10° 107 10° 07 10" 107 1t 0™ 10"
£ g E £E E £ c
= o (&) = slo o o
g @
: Micro- Far © i -Z| Vacuum X Cosmic
> > -ra -ra
Bacio wave infrared 2E S| ultraviolet Y Y rays
=8 =
-
Molecular Molecular Electronic Core-electron  Nuclear
rotation vibration  excitation excitation excitation

AZKHIH ApioTepd akpo agova x - | Aegid akpo agova x | daopariki mepioxn | Eidoc petapaoswy
MNa 1a dopara mou eikovicovTal
oTnV €TTOUEVN dlaPAvEIa VO nm
OUTTANPWOETE TOV TTiVAKA.

Hz
Na petatpépete Ta dedopéva Tou
TTivaka «MEoeg TIPEG eVBOATTIOG cm!
XNUIKWV OECHWV» OTO TEAOG TV
dlagpaveiwv o€ eV kal cm, eV
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Odopara — HEPIKA TTapadEiypaTa

<— Absorption

AovnTIKO-TTEPIOTPOPIKG pacua amoppognang HCI
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Odopara — HEPIKA TTapadEiypaTa

SO 3co oo
H,CO
H,CO SO :
2 H,CO S,
= CH,OH
= sio [CH:OH CN
C0 :H3OW 502
P 50. OCSs
HC,N SO;lssid SO T'CSI |4 ci
| . Wi | r “ ll '
| g | " | i
L L I "

208 210 212 214 216 218 220 222 224 226 228 230 232
v/IGHz
To ewkovilOpevo QAcUO KATAYPAPEL TV EKTOUNTN aKTVOPoAlag oty meployn cuyvottov, 208-233 GHz,
OV TTPOEPYETOL ATTO TANODPU LUKPOV LOPI®V GTO HEGOUGTPIKO YDPO TOL VEQPEAMUOUTOC Qpimv.
YNUELOVETOL OTL TETOLOV E100VG PACULATO OTOTEAOVV TNV KAT £E0YNV AVOALTIKT LEOB0OO TPOGOOPIGLOD TNG
GUGTOONG TS VANG 6TO cuumoy Kot AapPdvovtot pe mopatnpnoels eite and tn yn €ite amd dopvPOPOLG.
Me Bdomn 1 cvuyvotnTo EKTOUTNC VO TPOGOI0PIGETE TO £100¢ TV PeETAPAGEDV TOV £ival LITEVOVVEC
Y10 TIG TOPOTPOVUEVEC KOPVPES (MAEKTPOVIOKES, OOVNTIKES, TEPIGTPOPIKES 7).
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T1 gival Ao ?

Pwe + YA

h

Atroppopnan - AlEyepaon

h

2KEOOON, EKTouTN

h

Paopa = f(v) fi f(A) i f(E)

h

Puoiki kar XnuIKA

[TAnpogopia
(Atopikn / Mopiakn doun)

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €€. 2024)



http://en.wikipedia.org/wiki/File:Dark_Side_of_the_Moon.png
http://en.wikipedia.org/wiki/File:Dark_Side_of_the_Moon.png

T1 gival Ao ?

AAMAnAeTTidopaon wTog - UANG : f(v) N f(A)

transmitted

reflected light (k)
< light ()

incident light (|

scattered
light (1)
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T1 gival Ao ?

AAMnAeTridpaon ewTtoc - UANG : f(v) N (1)
=> EvepyelokeC HETARAOEIC
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T1 €ival gaopa ?

Aegwuw A epo T hon (_E,._v,;;, A)

‘EOTLJ E > 2el : A, Y (e EEE Q___
lower : E = hv- hc/ﬂ D L;‘ he= 66260310 Js. 3eious’ = 1934824 10 Jog

39

A o . E(N ( A h(.-@bl(.\.%io 5 3\0 an 5 (240‘%/
ma - E .7 M) : Jlbemelo'?u,/ : -

CbV A (\23?%5)

(8065 45’)
) TN = T R '
- 30 s 16129 e = (3010 Hz_ ——> 620 nm
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ddaopa = MAnpogopia

Il Be, !l

— ATOMIKN KOl yoplakn doun Sl
(BeueAIDOEIC PUOIKOXNUIKES 10IOTNTEC) ?/

V¥

V

= o
=

— MapakoAoUBNGN PUOIKOXNUIKGY SIEPYQCIY e
(KIVNTIK) XNUIKWYV avTIOPATEWV)

— Aviyxveuan Kal avaAucon ouciwy
(T1 ka1 TTOC0?)

— ATTEIKOVIOTIKI) @OCUATOOKOTTIO
MIKPOOKOTTIO (17.x. BloAoyia, atuooQaipIKES UEAETEG, .
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Plume 2 ..

=) / Paopa = MAnpogopia

MeTpnoeic
ATHOO@AIPIKWY PUTTWV

Distance r L I DAR

Dial System

4

L Mon) Aloff) LLaser Induced Detection and Ranging

3% g 4-"{' lL," lln',‘ :::I:r'\;:xnn Spoctrum

= i/ 1 /\ Differential Absorption (DIAL)

2 Wavelengih. Laser-induced fluorescence (LIF)

4 S g Bckscastis froem A6 Rayleigh and Raman scattering

= 8

Distaiice v Booum apyn LIDAR

» » Aéoun maipukov Aélep (dtdpxeto TaApov : 10 ns)
C

KOTELOVLVETUL GTNV ATULOGPOLPOL.
» To aviyveuTikod cLOTNLO KATOYPAPEL TO

s omicBockedalopevo onua yio Kdhe moAd wg
Plume 2 GLVAPTNGT) TOV XPOVOL APLENG.
» Eto1 péom tov ypdvou t=2r/c mpocdiopiletar n
andoTaoN I amtd TNV 0ol TPOEPYETAL TO OO
KAOe ypoviKn oTUyun.

Distance r | PAZMATOZKOIIA (I’ €§. 2024)

-
>

Analyte Concentration C(r)




[10Ti TTOPATNPOUNE ATOMIKO-HOPIOKA QACHOTA 7

KBavTopnxavikn

E. Schrodinger (1926) KYMATO-MHXANIKH
2U0TNUa cwuaTidiwy TEPIYPAPETAI W KUNA (KUMATOOWUATIOIOKOC dUIOUOC)

E¢iowon Schrddinger : HY = EY WY(x,y,z;t) : KugaToouvapTnon

W. Heisenberg (1926) KBANTO-MHXANIKH

KBavrounxavikn

— [lepIypagel TIC EVEPYEIOKEC KATAOTATEIC ATOPWY / HOPiV
135 3F KBaviwaon evépyelag Lt 1t ¥ => AE = hv

_— [1poadiopider TIg PETABACEIG PETAGU KATAOTAOEWY (KAVOVEG ETTIAOYNG)
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To aropo Tou YOpoyovou

2U0TNPA 2 CwWUATIOIWY
- MupAvag : 1 mpwrdvio (oprtio +1|e|)
- HAekTpoOviIo (poprtio -1|e|)

E¢iowon Schridinger : HY = EY

XapIATwviavi
KivnTiKA evépyeia Tupnva : Ty
Kinetic energy nAektpoviou : T,

2
Hkckrpooraric] (Coulomb) anlerBpaon V(1) = -~ ze
e X,
H=T, +Ty+ V., "
N CR
L VA -V AWV (M)W = EY

2m, 2m, AtDX_Kep.8
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To atopo Tou YOpoyovou : Evepyelaka TTITTEO

Evepyelakd emitreda

417%* |1
En -~ 2 239 21
2rx°e, h” N

Y . . ATOHIKO TpOXIOKA
n=1 1s

n=2 2s,2p

n=3 3s,3p,3d

n=4 4s,4p, 4d, 4f

KBavTtikoi apiBpoi
n, €, my, m,

— -

12 186 on

n=12,3...

27 414 ¢cm !

OYZIKOXHMEIA ' % & 77«

—
1

4102 nm (Hy)

Kavovag emiAoying
Ag = +1

Aiaypappa Grotrian



Qdopa ekTouTAS TOU YOpOYyoVou

A/nm
Q)
O OO0 O0O O o o () o o
O OO0 0O O o o (9] (aV| o
ANl QO < (ap) q\| S o — ™
| ] I | | | | | | | ]
|Visible|

v | |
IR - -

Analysis < l- Paschen
Kavovag emiAoyng : AL = +1

I_ Brackett n=1 < n=23... Lyman series

n=2 <« n=3,4... Balmer series
n=3 <« n=4,5.. Paschen series
n=4 «— n=5,6... Brackett series
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Qdopa ekTouTAS TOU YOpOYyoVou

A/nm
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| B
Photo HD 124320

II. Brackett
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Qdopa ekTouTAS TOU YOpOYyoVou

24000 -
Paopa eKTTopTIAS TTAAOPATOC KATA

20000 - ™M ewroamodounan H,O pe
] TTOAUIKO AE1lep (248 nm, 450 fs)

16000 -
12000 - / NH 335.5nm Ho 656.28nm
- OH 306.6, 308.8nm /
8000 -

/ HS 410.17nm O 777.19nm
Hy 434.04nm
N 746.83
HB 486.13nm nm/N 820.03nm

4000 ~ O 822.76nm
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O 615.8 N 868.02nm
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Wavelength (nm)

Emission Intensity (Counts)




Singlets Triplets

s ® W s+ oHe spectrum

lonization limit

24 1s4p 1s4d 1ads 1s4p 1s4d
23 1s3p ——1s3d 1s3p 1s3d
22 -
2
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W e L
S 20 —
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D —~ £
19 :’ 3 . =
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= o
0 — 8 Lo
® 2010 P&arson Education, Inc 9 7 g
i= ™ £
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s 1= E & % k3
. , , ‘0 N ©
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He spectrum

f.:; MIST ASD Output: Lines - Windows Internet Explorer

NET - [ 3 -
@\:;; - |p|_ niisk gy, V| B | *| | X ' | L
File Edit View Favorites  Tools  Help
iy Favorites |r'|J;I{FNIST ASD Output! Lines | | A% v B ) o= - Page - Safety - Took- @ G0 53 A 3
- P— LY
Wavelengths Transition Probabilities| =

He I: 6 Lines of Data Found  N{tP://physics.nist.gov/PhysRefData/ASD/lines
Wavelength range: 580 - 590 nm fo rm. htm |

Wavelength in: vacuum below 200 nm, air between 200 and 2000 nm, vacuum above 2000 nm

Highest relative intensity: 500

Primary data source: G.W.F. Drake and W.C. Martin, Can. J. Phys. 76, 679-698 (1998)

Observed A,,, Configurations| Term - Ji|gi - g«| Type | TP | Line
Wavelength Wavelength (s™) Icm 1) !Cm ) Ref.| Ref.
Air (nm) Air (nm)

587.55987 1.96e+06 086.7647 186 .5908 182,0 183d 3D 2- 5-3
587.56141 1.76e+07 A 169 086.7647 - 186 101.5466 182,0 - 1s3d 3P° - 3D 2-2 5-5 2
587.56150 7.06e+07 A 169 086.7647 - 186 101.5440 182,0 - 1s3d 3P° - 3D 2-3 5-7 2
587.562 587.56251 500 294e+07 A 169 086.8412 - 186 101.5908 182,0 - 1s3d 3P° - 3D 1-1 3-3 2 183
587.56405 52%+07 A 169 086.8412 - 186 101.5466 182,0 - 1s3d 3P° - 3D 1-2 3-5 2
587.597 587.5%9663 100 3.92e+07 A 169 087.8291 - 186 101.5908 1S2p - 1s3d 3P° - 3ID 0-1 1-3 2 183
Query time: 0.2 sec
@DMA— Informarion u...%r -
L evels List of  Ground Siares & Bibliography HElp MLM
SpectRa  lonization Energies Physics Laboratory .
W
Cane alnternet dh v Hiorw v
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Mopiakn PacuaTooKoTTIO

[epioTpo@IkeES, AovnTIKES, HAEKTPOVIKEG KATAOTAOEIC

HAEKTPOVIKEC OTAOMES

N
/
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Mopiakn PacuaTooKoTTIO

[epioTpo@IkeES, AovnTIKES, HAEKTPOVIKEG KATAOTAOEIC

Morse
Harmonic oscillator

Energy

T
40

Internuclear distance

\ AovnTikeég oTOBUE
/ HAEKTPOVIKEC OTAOMES
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Mopiakn PacuaTooKoTTIO

MeploTpo@ikeg, AovnTiKES, HAEKTPOVIKES KATOOTATEIC '

AEe > AEvib > AErot

I'IsploTpocplkéngétepsg

\ AovnTIKEC OTABECS
/ HAEKTPOVIKEC OTAOMES
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Mopiakn PacuaTooKoTTIO

daoua aroppoPNOoNS HIKPOKUHATWY (GTTw-utrépubpo) Tou HF
Mep1oTPOPIKES METARAOEIC

15 =0 25
'l'l_D [} T T B | L L] I T LI T F 1

HF

5 4 18
| r T

T 14 1
,LJ‘JH SRR EREE
200 J 00 =1910

Wavenumber Jocm -

2
E; :h—ZJ(J +1) =BJ(J +1) AE=E,  —E, =2B(J+1)
8
| = ,urz : pOTTI) adPAVEING J : KBaVTIKOC apIBUOC TIEPIOTPOPNC
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Mopiakn PacuaTooKoTTIO

Gdaouara utrepubpou (IR) [AovnTika]
A

1.5

1.0 -

Absorbance

0.5

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 8.21 Infrared spectra of cigarette smoke (cf. SAQ 8.7) [35]. Used with permission
from the Journal of Chemical Education, 78, No. 12, 2001, pp. 1665-1666: Copyright

©2001, Division of Chemical Education, Inc.
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Mopiakn PacuaTooKoTTIO

daoua utrepUbpou (IR) Tou HCI
[lepiaTpo@ikn upn dovnTIKNG HETABaonc

MU

R-branch P-branch

| l 1 |

3000 2900 2800 2700
1

<«—— Absorption

<-—— Wave number in cm

W, = \f H3°Cl and H3'Cl
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Mopiakn PacuaTooKoTTIO

Absorbance

-0.05

HAeKTPOVIKO PaCHa atToppoOPnOong Tou 1wdiovu (l,)
Aovnrikn uen TNC NAEKTPOVIKNC ueTapaonc

Visible band system of |

2

2
Y

010 |-

0.05

0.00

L convergence limit

6,0) band {(543.47 nm)

region of dlowed =2 transitons

Potential energy

region of Alowed =1 tansitions

l A l

l A l A l A l A l -
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Wavelength (nm)

r.” Internuclear distance
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DaoPaTOOKOTTIO HEYGAWY HOpiwV

Aiaypappa Jablonski

A : Atroppognon (AiEyepon)

Internal " |
comversion Radiative relaxation
S ARAA F : ®Bopiopoc (AS=0)
e T —— ’
Vibrational :,. 2 -
wlmtion 2 | VAAAAAA

2 Non-radiative relaxation
S,  —— T, VR:Aovnrikd xaAdpwon
-1 IC : ECWTEPIKA PETATPOTTA
Phospharescence ISC : Alo-ouoTnHaTIKNA
olagTaupwan

Absorption —

> -_— dwroxnpeia
Aidoraon OEaHWY 1 yMUIKES
aVTIOPAGELS HETW DIEYEPHEVWIV
KATAOTAOEWV
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DaoPaTOOKOTTIO HEYGAWY HOpiwV
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Aiaypaypa Jablonskl

PN A : ATroppognon (Aiéyepon)

A

Amhfaoene

S8, $,=§ S§~T, T,—=§, : Radiative relaxation

A R , F : ®Bopiopdc (AS=0)
P : dwoopioudc (AS#0)
Non-radiative relaxation
o e e VR : AovnTikn xaAapwor]’
A (nm) — IC : EOWTEPIKA PETATPOTTN
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| | LI L[] e (xvuSp(’xcsslg MEOW DIEYEPUEVWV
[ ¥4 1 f — KATAOTATEWV
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DaoPaTOOKOTTIO HEYGAWY HOpiwV

Tryptophan (Trp) Ethidium Bromide (DNA bound)

L L Bl L)

Absorbance
Fluorescence emession

3

Relative intensity

3 . 2 T

FLUORESCENCE

ﬁ(ISPH(}QESCENCE
J

ABSORPTION

260 30q 200 500 ’ 400 450 500 550 600 650 700 750
Wavelength (nm)
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Mepikéc BaOIKEC EVVOIEC

MeTaBAOEIC HETAEU EVEPYEIAKWV ETTITTEOWV
(ouvreAsatéc Einstein) [AtOX 11A.1(a), AtdX-2014 13.4]

NoOuog Beer-Lambert [AtdX 11A.1(y), AtdX-2014 13.1]

[TIBavoTnTa peETAPaoNG - Kavoveg €TTIAOYNAG
(&1moAikn porrh perdBaaonc) [AtdX 11A.1(B), AtdX-2014 9.3, 12.2, MM12.2]

Mop®r] POCUATIKWY YPOANHWY / TAIVIWV
AlatrAGTUVON PACUATIKWY YPOANMWY [AtDX 11A.2(B), AtdX-2014, 9.6

[TAnBuouiakn KaTavour Kata Boltzmann
[AtOX Eicaywyr, AtdX-2014 Keg.05]

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €€. 2024)



MeTaaoeig METACU EVEPYEIOKWY ETTITTEOWV
(ouvTteAeoTEQ Einstein)

e o SN Suvredearéc Einstein : By, By, Ay
Q/‘(S} <\0QQ @@6\6\0\\ w %\{S\O
\\ © , , ,
12> o = p(v) : [lukvornta 1oxuo¢ aktivoBoliag

» \ \w AE=E,-E = hv

N,, N, : mAnBuouoi (cm3) emmédwyv 1 kai 2

1>
Pubpog diéyepang - amoppdenang (A +hv — Ay)) Wy, = BiypNg
PuBudc ecavaykaapévne amodiEyepang

(Aythv— Ag+2hv) wyq = By pN;
PuBudc auBopuntng amodiéyepone (A, — A, + hv) Wy, = Ay1 N,



MeTaaoeig METACU EVEPYEIOKWY ETTITTEOWV
(ouvTteAeoTEQ Einstein)

e o SN Suvredearéc Einstein : By, By, Ay
\ Q

2 P = p(v) : [lukvornta 1ocxuo¢ aktivoBoliag

» \ \w AE=E,-E = hv

N,, N, : mAnBuouoi (cm3) emmédwyv 1 kai 2

1 By,p B,p A,
€ Qapplkﬁ |qopponia P — d(lj\ll = dc|l\|2 =0=-B,oN,; +B,,oN, + A, N, =0
(oTG01IUN KaTAOTAGN) t !
Karavopn Boltzmann: — N, _ @ AE/KT _ q-hv/kT
Nl
,O(V) — A21N2 — A21/821 — AZl / BZl N Nél‘log
BlZ Nl B BZlNZ (Blz / BZl)(Nll N2) _1 (812 / BZl)(th/kT _1) Plaan

, 8zhv?° 87hv?° J
Nouog Planck p(v,T)= ce ™ 1) B,=8B, Ay = C—3 B,,




Nopog Beer-Lambert

I.I , b T T T T —
(puralrc?g | — | 1.5x10° C=10 uM —
:0> ———> ¢ 1.0x10°) .
| S : A
N < 5.0x10° | .
Aciypa w :
| : 'EVTGOT] GKTlVOBO)\iGQ (W/sz) 0-0% 360 | 460 | 5(|)0 | 600 |
, I A (nm)
T: Alameparomra T = —
Io
, I
A : AToppoonTIKOTNTa -logT = -Iog[l—] =A=¢bC
0 l \
e 2uvteheotg amoppognaong (M'em®) € =¢g(A) Beer
C. Zuykévrpwan (M) Lambert

. OTITIKOG dpOuOC (cm)
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Nopog Beer-Lambert

_ |
=1 = In—|=-0oN/

0 . €vepyoc dlatour amoppoenang (cm?)

N: apiBunTik TTUKVOTNTA aTtroppo@nTwy (cm-3)
£ : ommikd¢ dpduog (cm)

I oN 07°L

—log| — |=—logT = A=&bC —236\3(Cm )

T: Alatreparotnra
A . AmoppoonTikdtnta (Atroppognaon)
¢ XuvteheoTr¢ amoppdenong (M-'em™)

ho jG(V)d v C: ZUVKé,Vprfm (M-1) EVOEIKTIKES TINEG €
¥ band b : OTITIKOG OPOWOG (Cm) AtDX_Mv. 115T 2
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Nopog Beer-Lambert

AXKHZEIZ

H ammopponTikdTNTa (A) dIoAUMATOC MIAC évwong Pe auykévTpwaon 2,31x10° M €xel iy 0,832.01a 266 nm. Na
TTPOCOIOPICETE TNV TIUA TOU OUVTEAECTH JOPIAKAC ATTOPOPNTIKOTNTAC (€) E DEOOMEVO OTI N KUWEAIDQ £XEI OTTTIKO
mraxog {=1 cm. (HB 2-2)

Na utroAoyIoBei n TIUA TNG ATToPPOPNTIKOTNTAG TTOU avTIoTOIXEI 0€ dlatTepaTtoTnTa T=40%. AV OI TINEG AUTEG
TTPOKUTITOUV VIO CUYKEVTPWON XPWHOPOpou ouadiag iong e 0,010 M va TTpoadIoPICETE TIG AVTIOTOIXEG TIMEG
ATTOPPOPNTIKOTNTAG KAl dIATTEPATAOTNTAC, OTO idI0 JAKOG KUMATOC, Via TINEC ouykéEVTpwong 0,025 kai 0,004. (HB
2-3)

Na UTTOAOYIOETE TO TTAXOC TNG ATHOCPAIPAS OTO OTTOI0 AKTIVOBOAIQ UAKOUG KUPATOG A = 7 um attoppo@AaTal o€
000010 95% av ¢’ auThv TTEPIEXOVTAL:

a) CH;CCl; o€ pepikn Trieon 4x10-6 bar (g(A) = 2,8 cm-tatm-?),

B) CFC-14 o¢ pepikn trieon 3x10-6 bar (g(A) = 1,1X103 cm-tatm?) (ER P19.19)

2TOV I0TOTOTTO TOU HaBrjuaTog (e-class) didetal To apxeio “carotene UV Vis spectrum” TTou TTEpIEXEl WG OEDOUEVA
TIG TIMEC TOU OUVTEAEOTA attoppoPnTiKOTNTAS, £ (M1tcmt) w¢ ouvdptnon Tou PAKoug KUPATOG, A yia To B-
KOAPOTEVIO.

a) Na kavete Tn ypa@ikr TTapdotacn Tou ACUATOS atroppo@nTIKOTATAC ( € = €(A/nm) TOU B-KAPOTEVIOU OTHV
Treploxn 335 — 565 nm.

B) ZTn ouvéxEla va avaTTOPACTHOETE TO QACHa WG € = € (v/cm™) atnv avtiaToixn Tepioxr). Na onueIloETe O€
TTivaka TIg TINEG (v/iem-1) OTIG oTToieg epgavidovTal TOTTIKA PEYIOTA OTO GACHA.

MPOZOXH: kal ota dU0 dlaypduuaTa 0 Agovag X va £XEl TIC JovAadeg o€ augouoa Taon TTPOG Ta OECIA Kal O
Aagovag y va €xel TETOIA KAIJAKA TTOU VA ETTITPETTEI TNV EUKPIVI ATTEIKOVION TOU QACUATOG.

v) Na BswprioeTte ot €xeTe diGAUPa B-kapoTéviou ouykévipwaong (AM)x10-8M oe e€dvio. Na atTodwaoeTe YpaPIKA
5. TO @aopa diatreparotntag, T=T(AMnm). OTITikr diadpopn kuweAidag: 1 mm. AM = o apiBudg unTpwou cag.

e ) o1& €ival n TIPr TOU € IO JOVOXPWHATIKA aKTIVOBOAIQ YE evépyela gwToviou 3 eV,
3/ OYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOINMIA (I’ €€. 2024)
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Nopog Beer-Lambert

Table 14.3 Absorption characteristics of some groups and molecules

Group v J(10*cm™) A, /nm €. /(dm*mol ' cm™)
C=C(m* ¢ m) 6.10 163 1.5x 10*
5.73 174 5.5 % 10°
C=0 ("< n) 3.7-3.5 270-290 10-20
—N=N— 2.9 350 15
=3.9 <260 Strong
—NO, 3.6 280 10
4.8 210 1.0 x 10*
CH.— 3.9 255 200 L
5.0 200 6.3x 10°
5.5 180 1.0x10°
[Cu(OH,)]**(aq) 1.2 810 10
[Cu(NH,),]**(aq) 1.7 600 50
1:20 (m* n) 6.0 167 7.0x10°

"='>.¢:‘§%-~" PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €€. 2024)



MeavotnTa petafaonc - Kavoveg emiAoyng
(drroAikn potrn perapaong)

KAQga1KA £1KOVA AAANAETTIOPATNC QWTOC-UANC

H aAAnAettidpaon H/M Trediou ue Eva arouo 1 popio gival eQIKTO va odnynaoel o€ amoppopnon
| EKTTOUTTI) QWTOC CUXVOTNTAC V, OTAV KATA TN OIAPKEIA TNE dIEPYATiag aTo ATOMO I LOPIO
UTTAPXEI £va (JeTaBaTiko) nAeKTpIKO ditroAo TTou TaAavTwvETal aTNV idia guxvoTtnTa
[ZYNTONIZMOZ]

KBavtounyavikn Bewpnan aMnAeTidpaonc ewrtoc-UAnc

AITToNIKR) pOTTH PETARAONG ATIO TNV KATAGTAON W, 0TV Wy, Ly, = | W, [y, d T

['EVIKOC KOvOvaC ETTIAOYNC : | i 2 0 = Z q.F
EMTPETITA WetdBaon amairei: Py, #0 B, = . 12h2 i
80

Ei1dIKOi Kavovec eTTIAOYNC :
ETITPETITEC METARACEIC OUVAPTACEI JETABOAWY TWV KBAVTIKWY apIBuwy

[lapadeiyuara :
__ATopo H : 1s—2s (amayopeupevn : pogs=0, Al=0) 1s—2p (EMITPETTA © Hogy, 70, Al=+1)

=0 : gupp. éktaon (amayopeupévn, Au=0), ddvnon kapyng (emitper , Ay #0)
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AlaTAaTUVON QACHATIKWY YPOAUUWY

1. Quoikn OIaTTAATUVON

Katd tn Alon 1nG €€. Schrodinger evog Xpovika HETABAANONEVOU GUOTIMATOG O
TTPOCDIOPIOHOC TWV EVEPYEIOKWY TOU ETTITTEOWYV EUTTEPIEXEI TTETTEPATHEVN
aBeBaidTNTA : h 1

OE ~ — ToC— oy

, . ~ 53lcm™ Aoy
[0 TTPAKTIKOUC UTTOAOYIONOUC : OV ~
z(ps)

3

H pop@r) uoikwe dIATTAATUCPEVNG POCHATIKNG YPAMMAG TTEPIYPAPETAI ATTO TN
ouvaptnon Lorentz

FWHM =y -
I(a))zlo 7/ 2 2 ]
27 (a)—a)o) +(7//2)

Na mpocdiopioeTe 10 0AoKAfpwQ : j | (w)dw

0 e
Na ekppaaere  axéon l(w) we I(v) kai I(A) ®
£ Na TIpOOOIOPIOETE TO PATHIATIKO EUPOS (FWHM) yia 1a l(w) wg I(v) kai I(A)

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €€. 2024)
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AlaTAaTUVON QACHATIKWY YPOAUUWY

2. Metarotrion Doppler
AV TO WA TTOU EKTTEUTTEI KIVEITAI OE OXEON ME TOV QVIXVEUTH, TOTE \/

1+ (v/c)

ecaITiag Tou @aivouévou Doppler, n TTapatnpouuevn ouxvoTnTa V=V
1F (v/c)

aKTIVOBOAIQG v gp@avifeTal JETATOTTIOPEVN OE OXEON ME TNV aANON v,.
(Doppler shift)

2 NUAVTIKN €pappoyn aTnv ACTPOPUOIKN — HETPNON TaXUTNTAG
ACTPWV.
[Mapadeiyuya (ER-example problem 22.8)

H ektrouTrA atrd atouiko udpoyovo (Ypaupn Lyman ota 121 nm) TTpogpXOPEVN
atrd aoTpo (quasar) karaaypdageral ota 445,1 nm.

H Taparnpoupevn peTatotrion Doppler utrodeikvUel OTI TO AOTPO
atTmopakpUveTao atrd TN yA pe TaxiuTnta u=2,582x108 ms-1.

1 ()]
>V —Vy=0v=1v-

Av U<<c TOTE QTTOJEIKVUETAI OTI . VRV, ———
1+ (v/c) C

PYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOIMIA (I’ €€. 2024)



AlaTAaTUVON QACHATIKWY YPOAUUWY

1D karavoun raxurnrwv |

3. AlGTl’)\dTUVOT] DODpler o€ aépio Ar
0.0016 —
H katavoun Taxutntwy (kata Maxwell) Twv atépwy ) Jopiwv
O€ OX€0N ME TOV avIXVeUTH 0dnyei o€ dlattAdTtuvaon dvp, (dwp)
TTou o@eiAeTal oTo Paivouevo Doppler. _ i
Karavoun TaxutATwV 10avIKOU agpiou TTPOG DEQOUEVN < 0.0008
dlevBuvon (T1.X. : X)
. 1/ 5 1000 K
f(5,)=(m/27k,T)"* exp(-mo?/ 2k, T)
0 T T T
H popon katd Doppler diatrAatuouévng Ao uaTIKAG YPAUMNAG —1000 /0 . HOO
TTEPIYPAPETAI ATTO ouvapTtnon Gauss TR
1 (@) AiamrAdruvan Doppler :
. mc(w—w, ) 2w 2k, TIn2
I(a))zloexp _ ( 20) 5a)D: 0 B
2k T o, C m
. ['1a TPAKTIKOUC UTTOAOYIOUOUC :
T

o z SV, = 7,16><10‘7v0,/m (Hz)

7 i KautuAes Lorentz kai
L0 Gauss ib1ou 0poug
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AlaTAaTUVON QACHATIKWY YPOAUUWY

4. AlatTAGTUVON AOYW KPOUOEWV

Kpouoeig JETAEU aTOMWY ) HOPiwV ouxXva 0dnyouv o€ atTodIEYEPON
MEIWVOVTAG TO XPOVO (WNG MIAG DIEYEPHEVNG KATAOTAONG. h
AUTO €£XEl WG CUVETTEIO DIATTAATUVON TTEPAV TNS YUCIKNAG, N OTToId 5E _

ovouadletal diattAdtuvon Aoyw kpouoewyv (collisional broadening)
Kal EEapTATAI QTTO TNV TTIECT TOU AEPIoU.

SUXVOTNTa KPOUTEWV O€ \/_ 260P /8k T 8RT

I50VIKO QEPIO Z(S )_ K T

H pop®n TS @aouaTikAg YPAUUAG TTEpIYPAPETAl ATTO
ouvaptnon Lorentz pe : Y’ = Yausopunm T Ve

C

N
I

4 1
(@) =1, 27 (w-a,) +(y'12)

<~—— Absorption

Na ouykpivere Tn diamrAaruvan Doppler kai _
' ' : ' v ~2900cm™
Kpouoewv oTo paopa IR agpiou HCI o€ Bepuokpagia c ~
oy s - - 2
B 0 K kar mrieon P=0.1 atm, 0},=0.5 nm o = —— o
/ ®YZIKOXHMEIA | : MOPIAKH s




[1AnBuopiakn Katavoun Kata Boltzmann

H katavoun Boltzmann trepiypagel Tnv TANBUCUIOKA KATAANWN EVEPYEIAKWY
EMTTEOWY O€ OUCTNHA CWPATIdIWY, TTOU EUPIOKOVTAI O€ BEPUIKA I00PPOTTIA, WG
ouvapTnon TG evépyelag Twv emmedwy (E4, E,, ...E;, ...) ka1 TNG Bepuokpaaiag, T.

H katavoun ota diapopa eVEPYEIAKA ETTITTEDA UTTAYOPEUETAI ATTO TNV ApPXN TNG
MEYIOTNG EVTPOTTIAG. E. E.

N. gie_kBT B gie_kBT
N E, Z(T)

Zgie_kBT

g; : EKPUAIOPOG EVEPYEIOKOU ETTITTEOOU

O TTapPOVOuAOTAC TOU KAAOUATOC OvOoPAdeTal ouvaPTNON ETTINEPICHOU (Z) Tou

ouoTtuarog kal TrepikAgiel Tnv NAHPH oTtatioTikh TTAnNpo@opia yia 1o cuoTnua.
O Aoyoc¢ TTANBUCWY PETAEY BUO N, g, _(E:(_TEJ) _AEBig
N B N

SRIITTEOWV, | Kal j, OiveTal Ao Tn OoXEon — €
N; g ¥
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[1AnBuopiakn Katavoun Kata Boltzmann

T1 ? T2 kB . 0T00gpa Boltzmann
kg =1.381x102 J K (0.69500 cm K1)
(kgxN, — R =8.314 J K1 mol?)

AXKHZH

Na TpocdlopiceTe TOUG OXETIKOUG TTANBUCHOUG TwV eTTITTEdWV 3P, 3P; Kal
3P, yia TO GTOPO TOU AvOpPaKa

(C : 1s22s22p?) kai Tou TTupITiou (Si : 1522522p83s23p?) o€ Bepuokpaacia
200, 1000 ka1 5000 K. H Tiun evépyelag Twv TTITTEOWYV DIdETAI OTO OXETIKO
L = ] 1o1éT1oTT0 TOoUu NIST. (ER-P21.28)

Population Xproiun ouvtoueuaon otav ekPpalouue evépyela o€ cm—1:

kg=0,69500 cm-1/K.

Energy —>

(a) (b)

http://en.wikipedia.org/wiki/Maxwell%E2%80%93Boltzmann_distribution
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OpyavoAoyia ¢aCHATOOKOTTIOG

Kataypa@rn Tou ¢ACHOTOS EKTTOMTTAS PBOPICHOU DIGAUMATOS XPWHOPOPOU

Movoxpwpuaropag

5 Aciypa
| \

' ™

MoAuXPWHATIKI
TNYN QWTOG — K

AvIXVeUTAG
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DaopaTOPWTONETPO POOPICHOU

PaouaTOooKOTTIO EKTTOMTTAS POOPIoOU
2100ep0 )\exc—dewon )\em

PaoparookoTia diIEyepons pBopiouoU
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AvaAuon ewTog

Opaypa mepiOAaong

ik

mA =d[sina +sin B]—"—sin B = . m=12,...
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Duoikéc oTabepEC

Quantity

Speed of light
Elementary éhargc
Far&ﬁy cohblant N
Boltzmann constant

Gas constant

Planck’s constant

Avogadro’s constant
Alomic mass unit
Mass

electron

proton
neutron

Vacuum permitiivity

Vacuum permeability

Magneton
Bohr
nuclear
£ value

Bohrvmdius

Fine-structure constant

Second radiation constant
Stefan-Boltzmann constant
flydherg constanl“ o
Standard acceleration of free fall

Gravitational constant

Symbol

F=Ne

R=N,k

A=h/2n
N

m_
m

m,

£q= 1/ p,
41z,

Iy

fip=-eh/2m_

g = P/ 2m,

ge

ag=4negh*/m e*

a = ue’c/2h
ot
czv hc/k

o = 2k4/ 1512

R tvmt_e"/ﬂl.r‘céﬁ e

g
G

Value

2.997 925 58*

1.602 176
0.648 53
1.380 65

8.31447
831447
8.205 74
6.236 37

6.626 08
1.054 57

6.02214

1.660 54

G.109 38
1.672 62
1.674 93

8.854 19
1112 65

.4n

9274 01
5.050 78
2.002 32

5291 77

7.297 35
1.370 36

1.438 78

5.67051
1.097 37
9.806 65*
6.673

Power of ten

108
10'°
10%

103

10
102
10

1034

10-%
i

1077

103
10-27
1027

1012
10-10
107

10-2¢
10-27

101"
103
102
B
g
i

10 1

Units

ms!

C mol!

JK!

JK ! molt

L bar K~! mol!

L atm K ' mol !
L Torr K-! mol!

Js

Is

mol-!

kg

ke

kg

kg

J;‘.(‘z m-

IC2m!

12C?2m ! (=T? 1 ' md)

JT
3T

mK

w m"i AK.‘“‘

cm!

ms—2

Nm? kg2 . .
P.W. Atkins, J. de Paula, Physical Chemistry



MEoeg TINEC EVOOATTIOG XNUIKWVY OECTHWY

Table 11.3b Mean bond enthalpies, AH®(A—B)/(k] mol ™)

H C N 0 F Cl Br I S P Si
H 436
C 412 348(1)
612(ii)
838(1i1)
518(a)
N 388 305(1) 163(1)
613(ii) 409(11)
890(111) 946(11)
O 463 360(1) 157 146(1)
743(n) 497(n)
F 565 484 270 185 155
Cl 431 338 200 203 254 242
Br 366 276 219 193
| 299 238 210 178 151
S 338 259 496 250 212 264
322 201
Si 318 374 466 226

(1) Single bond, (ii) double bond, (iii) triple bond, (a) aromatic.
Data: HCP and L. Pauling, The nature of the chemical bond. Cornell University Press (1960). P.W. Atkins, J. de Paula, Physical Chemistry
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MeTaTpoTreC povadwy, XpNoIUol UTTOAOYIOHOI

leV 1.602 18 x 10-19) Y Bepuokpacia T =298.15 K
96.485 kJ mol-!
8065.5 cm™!

| cal 4.184% ]

1 atm 101.325* kPa

kgT = 25,693 meV

kgT = 207,226 cm-’

760* Torr kg — 0,69503 cm/K
] cm! 1.9864 x 1023]
1D 333564 x 103°C m (kg = 1.38065%10-2° JK-)
1 A 10-19m*
1T 104G*
1L atm = 101.325 I*
0/°C = T/K -273.15% (* Exact values)

S < P.W. Atkins, J. de Paula, Physical Chemistry
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