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PaouarookoTtria ¢Bopiguou
Evepyesiaka oiaypauuara — aocuara @8opiouoU, gwopopIiouoU

['vwan NS nAekTpovIaknS doungc Twv Wopiwv (dnAadry NS EvePYEIOKAC dIEVBETNONC TwV
HOPIOKWY TPOXIOKWY KAl TNS KATAANWNG auTwv PE NAEKTPOVIA) 0dNnYEi TNV KATAPTION TWV
QVTIOTOIXWV OIAYPAPUATWY EVEQYEIOKWY KATAOTACEWY PECW TWV OTTOIWV EPUNVEUOVTAI Ol
TIEIPAUATIKA TTOPATNPOUNEVES UOPIOKEC POCUATOOKOTTIKEC METARBATEIC.

2€ onuavTikO Badud Ta avwTEPw TTPOKUTITOUV WE TNV avTioTPoQn O€Ipd, dNAadK HEoW Twv
LOPIOKWY QACUATWY (OTTOPPOPNCNG i EKTTOUTTAC) TTOU KaTaypAgovTal OTO TTEipaua
£CAayovTal TTANPOPOPIEC VIO TO EVEPYEIOKD TOTTIO TWV POPIWV KaI TRV NAEKTPOVIOKT dopr)
QAUTWV.

H popiakr gaouatookoTria ¢BoPIoUOU ATTOTUTTWVEI NAEKTPOVIOKEC HETABACEIC O OTTOIEC
OMWG EUTTEPIEXOUV KaI TTANPOPOPIa YIa T OVNTIKE UPK) TwV NAEKTPOVIOKWY KATAOTATEWY
(nAekTpO-dovNTIKA UPN) VW UTIO EIOIKEC OUVONKEC (MIKPA LOPIa O€ aEPIa GATN) Eival EQIKTA
N TAPATAENON KAl TS TIEPICTPOPIKNAC UPNC TWV UETARATEWV.

O1 kavoveg mAoyng (Aaupavouyv utrdwn TN CUMKETPIO KAI TO SPIN TWV NAEKTPOVIAKWY
KOTAOTACEWY) Kal TTpoadiopifouv Tnv mBavotnta (10XU A £viaan) Twv PETARACEWY Kal TO
XOPOKTNPIOTIKO XPOVO (WNC TwV OIEYEPUEVWY KATAOTATEWV.

2NUAVTIKG POAO OTIC 1IDIOTNTEC AUTEC DdiadpapaTiouv N HOPIAKN YEWUETPIA, TO TIEPIBAANOV
(O1aAUTEC, TTOAIKOTNTA, BEPUOKPATia) Kal Of DIAPOPEC £VOO- 1) dla-HoPIaKES AANAETTIOpaATEIC.



ATToppo®NnanN kal OoPIoUOG O€ OlATOWIKA LUoPIa 2)

Visible band system of I,
3
010 k (26,00 band (543.47 nrm) ]
"
5 | x
©
c |+
a m - —
g T ~
£ — =
é I canvergencellmlt region of dlowed =2 tEnsitons *g i
010 o
1y +
015 i l X Zg
1
070 k region of Alowed w=1 teEnsitions i i
" 1 I 1 L 1 L 1 1 1 i 1 L 1 \"Ir” = D
500 520 540 560 580 600 620 640 T T T T T T T T T T T
— wavelength (nm) ] r.”  Internuclear distance
= - XISt (w") l ; J r
Bl (7mad) - XRT D msee | H BE0TN KA1 O QATUOTIKEC KOPUPEC
F T T T T T T T T T T T T 7T aTIOPPOPNONG KAl EKTIONTIMG BIaTOIKWV
| HOPIWV epunveUOVTal JE OKPIBEIO JEOW TW\
XOPOKTNPIOTIKWY EVEPYEIAKWY
dlaypauuarwy duvauikng evépyelag (Morse)
,J | KABE NAEKTPOVIOKAC KATAOTAONS KAl TWV
AVTIOTOIXWV OVNTIKWY ETTITTEOWV.
LJ—*—LHLLMW , L O1 kataoTaoei¢ uttodnAwvovtal e Baon
700 600 500 ’ ’ .
wavelength (am) OUMMETPIa Kal TV TTOAAATTAGTNTA Spin.

Figure 1. Laser-induced fluorescence spectrum of iodine. using an Ar' laser at 514.5 nm



Kavovec TmAoYNC NAEKTPO-00VNTIKWY UETARATEWV

Oewpoupe NAEKTPOVIKEC HETABATEIC e dovNTIKE UPR (NAekTPOdOVNTIKEC YETARATEIC)
Y1oBétoupe 011 TO HOPIO CUUTTEPIPEPETAI WG NAEKTPIKO BiTTOAO TTOU AAANAETTIOPA [E TO
HIT ¢ akTivofoAiag.

H dimroAIkr) potrA £xel dUO avegdpTnToug 6pouc, TNV dITTOAIKA POTTA TwV TTUPAVWY TOU
Hopiou (Uy) Kal auTAV TWV NAEKTPOVIWY (M,)
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Baoikéc @WTOQUOIKEC OIEPYATIEC

A : Atroppognan (AiEyepan)

AxTivoBoAIKN atrodiéyepon
(Radiative processes)

F : ®Bopioudc (AS =0)
P : dwogopiopdc (AS # 0)

Mn-akTivoBoAiki atrodiéyepon
(Non-radiative processes)

VR : Aovnrikr) xaAGpwan

IC : EOWTEPIKA PETATPOTTN

ISC: Ala-ouaTnuariki
dlagTaupwan

dwroxnueia

AldoTraan OeapwY 1 XNUIKES
avTIOPACEIC HEOW DIEYEPUEVILV
KOTAOTAOEWY



Atoppognan — PBopiouoc - PwaPopITUOC
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H 6¢on kai n ugr Twv QACUATIKWY TAIVIWY
ATToPPOPNANG KAl EKTTOUTIAG O€ TTOAUATOMIKA LOpPIa
EPUNVEUETAI TTOIOTIKA ECW ATTAOTIOINUEVWV
evepyelakwy dlaypaupaTwy Jablonski kal faoikwy
PWTOPUCIKWY OIEPYATIWV.




Evepvelakd O10yoAUUOTO UOPIOKWY TPOXIOKWY

H2C=0 210 TTOAUQTOUIKA HopIa, N QUON Kai ol 1010TNTEC TG BATIKIC
. KalI, Twv DIEYEPUEVWV KATAOTATEWY TTPoadlopileTal amd Ta
-—} orogme uoplaka tpoxiakd HOMO kai LUMO kai T GuplETpia auTwy.
— ["I*"l“;? STV TEPITITWON TS PoPUaAdEldNg(opada auppeTpiag Cy,) N

nAekTpoviakn didracn atn Bacikr katdoTaaon ivai:

D e (10u)4(201,)(1b,)?(30,)(1b,)*(2b,)?

'_§ H BaagikA kardaTaon auuBoAiletal we: 'A,

&tﬁ_ O1 dieyepuéveg karaaTtaoelg poadiopilovral e
s Bdon 1o TpoxIak6 LUMO oT0 01T0i0 KATaARVE!

§ 25, 10 €, OPWCG o€ KABe TTePITITWON TTPOKUTITOUV dUO
G b KOTAOTAOEIC iDIAC CUPUETPIAC OAG

o 3 O1aQOopPETIKAG TTOAATTAOTNTAG Spin: singlet ka

s M triplet.

§ o Xt (1oy)*(20)3(1b, (30, )(1b,)*(2b,)"(2b,)"
g O1 dieyepuéveg karaaTaaoelg eival : 1A, kai A,
$ kai 1oxUel: E('A,) > E(3A,)

g% 2UXVQA N peTapaan utrodnAwvetal Ye Tov TUTTO

§ 9 TWV TPOXIOKWY TTOU EUTTAEKOVTAI KAl avTioTOIXO

Fig, 436, Valence moleculas orbitals of formaldchyde. Contour diagrams arc as 01 DIEYEPMEVEC KATOOTATEIC.

described in Fig, 4-27 and reproduced from W.L. Jorgensen and L. Salem, The ‘N — T Kl . nTT) f 3 nTr*
Organic Chemist's Book of Orbitals, Academic Press, N.Y., 1973, T.X-: ar (nTr*) f *(nr)



Evepyelaka O1aypAUUaTO JOPIOKWY TPOXIOKWY—KATAOTATEWY
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Apyn Franck-Condon - Kavovac Kasha
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HAEKTPOBOVNTIKEC PETATITWOEIC GUPQWVA JE TOUC KAVOVES
EMIAOYAC (OUPUETPIO KOTAOTATEWY) Kal TV apxr) Franck-
Condon.

Metardmion Kavévag Tou Kasha
o "N NmeHia- Stokes Y¢ OIOAUHOTA OPYAVIKWY HOPIWV TIAPATNPEITAI EKTTONTTA
00l H @BopIoUoU pdvo armd TV XapnAdTEPN NAEKTPOVIKA

- | | Dleyeppévn, Yovadiaia (singlet) karaaTtaon kai 1o XaUNAGTENO
£ T TaAavTWTIKG ETTITTEDO QUTAC.
EC aiTiag Twv «KATakOpupwv» PETARACEWY atToppoPnang
1 kal eBopiouoU TTaparnpeeital peratoman Stiokes) aTo
MEYIOTO TOU GACNATOC @BoPIcHOU TIPOC pEYaAUTEPa A (auTd

J\’\& ‘ emTeiveTal g€ TTOAIKOUG DIOAUTEC IDIITEPWC av N d1aPopdA NG

”@mm(nﬁf'} : = QITOAIKAG POTTAG METAlU S, kai S, eival peyaAn.

€x071 moe em™
Ll

Merarémion Stokes : (;abs) max (;F )max
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Principles of Molecular Photochemistry: An Introduction
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Green Fluorescent Protein (GFP)

The Nobel Prize in Chemistry 2008 was
awarded jointly to Osamu Shimomura,
Martin Chalfie and Roger Y. Tsien, "for
the discovery and development of the
green fluorescent protein, GFP".
http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/

H pédouoa Aqueorea Victoria epgavilel Blopwravyeia
(bioluminescence) ecaitiac Tou auBdpunTou
oxnuaTiopou (xwpic yeaoAdpnan ev{uuou) evog
XPWHOPOPOU OTO ECWTEPIKG TNC doun¢ (B-sheet
barrel) Tn¢ Tpwteivng, 10 otToi0 PBOPILE! I0XUPA,
KOBWC €ival TTPOCTATEUUEVO ATIO TTAPAYOVTEC TTOU
odnyouv og améaBean Tou ¢BopIoUOU.

H ékppaan Tou yovidiou ¢ GFP o€ kuttapa BonBdel
gnuavrika atn PeAETN diEpyaaiwy € KUTTAPA, I0TOUG,
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Green Fluorescent Prgtein (GFP)
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J. R. Lacowicz, Principles of Fluorescence Spectroscopy, Springer 2006

Figure 3.34. Spontaneous formation of the fluorophore in GFP by the serine—tyrosine—glycine residues. From [1135]

Me kat@dAAnAec PeTaAAACEIS Kal TPOTTOTTOINGN TNG AAANAOUXIAC TWV AUIVOLEWV ETTITUYXAVETAI AVTIOTOIXN
TPOTTOTIOINGN TOU XPWHOPOPOU Kal HETABOAS TWV OTITIKWY TOU IDIOTATWY HE ATTOTEAETHA TNV EUPAVIOT
ekouTTAC aTo KitpIvo (YFP) fi 1o puBpd (RFP). Maparnpeitar emiong augnuévn ewrtoaTtabepdTnta.



Kivnrikn (Auvauikn) Bewpnan ¢Bopiguou

H amodigyepan g dieyepuévng Kardataong S, TTPAYUATOTIOIEITAI HETT ATTO £va GUVOAO
(TrapaAAnAwv) kivaTikwy diepyaatwy 1M 1aene (A weudo-1nS 1a¢ng)

S;
AkTivooAikn atrodiéyepon
S, T,
K. F : ®Bopiopdc (AS = 0)
\ P : dwogopiopdc (AS # 0)

E T
k [Q] k' I ko 1 I 4 4
Q IC F 0 -
: % ° kQ [Q] Mn-akTivoBoAiki atmrodiéyepon

VR : AovnTiki xaAdpwaon
Sy —te IC : EOWTEPIKA ETATPOTTA
ISC : Aig-ouaTnuartiki dlactaupwaon
_d[S,]
dt

_ kF [81] — [Sl]t _ [Sl]t=0 e—kFt Q : AMec diepyaaieg amodiEyepanc
Te =

(TT.X. KPOUDEIC, HETAPOPA EVEPYEINC)

1_ 1 _ke _
0

Ke kg +ki. +Kig, +Ko[Q]

=7 =7
@) =1.(t=0)e™" =1 _(t=0)"'" Po =7 Pisc =



Kivnrikn (Auvauikn) Bewpnan ¢Bopiguou

(a) Taxutnta =
KAion epantopévng

Aigpyaaia 11 Ta€n¢

A—P

-dA/dt=KkA => ... => A, = A, e
P, = A, (1-eK)

Aigpyaoio weudo-11S 1aén¢
A+Q—P Q>>A —
-dA/dt =koAQ = KoQA=KA=> ... => A = Aope'lé’t
NapaAAnAeg diepyaaieg 116 TaENG

A— P, -dA/dt = (K +K)A => ... => A, = A, e

A—P, Kk = K, +k, P, = - ’_‘:szO (1-e7)

1

lpappouoplakn ouykevtpwaon, [J]

(B) TaxbtnTa = AvTtidpwv

- KAion e@antopévng




Kivarikn (Auvapikn) Bswpnan ®8opiguou
KBavTikn amrédoon @Bopiojou, @,
B ke _ photons emitted
ke + ki +ki. +ko[Q] photons absorbed

AkTivoBoAikn atrodiéyepon
Xpovog {wng pBopiouou, T, F : ®Bopioudg (AS =0)

P : dwogopiopss (AS #0)
||: (t) = IF (t = O)e—kpt — |F (t — O)e—t/rF

P

Mn-akTivoBoAIKn atrodiEyepon

QaoparopwTouETpia PBopITHOU VR : AovnTikr) XaAdpwon
| IC : EowTtepIK PETOTPOTTN

—log| — |=—logT = A=¢bC ISC : Alg-GUGTNATIKA dIaoTAUPWON
| 0 Q : ANec diepyaaieg amodiEyepang

o e (TT.X. KPOUTEIC, JETAPOPA EVEPYEINC)
Al =1,(1-107*°)
Agknon

I =KI 0Pk (ebC) H opyavikn évwan, 1-iEBuo-vapBaAévio Exel
ke® = 5,2x10° s kal ki, = 1,1x107 1.
Na utrohoyio6ei n kBavrikr) amddoon ¢Bopiouou

(ki ka1 kg apeAnTéa) kar 0 Xpovog (wnig eBopiapol.

270 0p10 XaunAwv Tipwy NG amoppdenaong (A <0.2)
N €viagn TG EKTTOUTIAG €ival avaioyn g
OUVKEVTOWONC TOU XPWUOPOPOU.



Kivnrikn (Auvayikn) Bswpnon eBopiouou
Métpnon xpovou {wng @Bopiouou, T,

Time-resolved fluorescence spectroscopy

1.0 4af
0.8k Lamp Profile r Lamp Profile
3
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Figure 1. Rapid fluorescence lifetime determination of perylene with
the StrobeMaster. The entire data set was collected in less than 25
seconds! The lifetime is measured as 5.07 ns. Excitation: 405 nm. Figure 2. Fluorescence lifetime determination of perylene with the
Emission: 465 nm. x? = 1.04. Note the excellent agreement with TCSPC-1000. The lifetime is 5.03 ns. Excitation: 405 nm. Emission:
the results in Figure 2. The residuals and the autocorrelation function 465 nm. )(2 = 1.06. Several minutes were required for the collection
appear in each TimeMaster plot. of the data. The results are presented as log intensity vs. time.

(@) =1_(t=0)e*" =1_(t=0)e "™



Kivnrikn (Auvayikn) Bswpnaon eBopiouou

Métpnon xpovou {wng @Bopiouou, T,

Aoknon

Kardmiv di€yepang d1aAUpaToC avBpaKeViou O€ KUKAOECAVIO
ME TNy AEICEP TTOU EKTTEUTTEI TTAAMOUG XPOVODIAPKEIDS 5 NS
o1a 355 nm (3" appovik Nd:YAG) kataypagerai n viaon
TOU EKTTEUTTONEVOU (BopIopoU aTa 400 nm e Tn Bonbeia
QWTOTTOAATIAATIOCTH KAl TTAOAUOYPAPOU TAXEIAS

amoKpIoNG.

A6 TIC TINEC TNG Eviaong va TTpoadiopiaBei o Xpovog wrg

@Bopiopou Tou avBpakéviou.
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Figure 4 Flucrescence spectra of anthracene (1 pgrnl‘1} in

ethanol. The emission spectrum (A) was obtained with

fax

fam

340nm and the excitation spectrum (B) was obtained with
379 nm.



OpyavoAoyia @agudaTrogKoTiac amoppoPnang

Karaypaen Tou ¢acuarog amoppo®nang d1aAUPATOC XpwWHOPOpOoU

MovoypwpaTopag Aviyveutng
—— >
| s
- Acgiyua
[ToAuxpwHATIKNA
TNy QwT0g
LI
w AvOpaKEVIO

s~ N 1ug/ml o€ EtOH




OpyavoAoyia ¢aguaTogKoTTiag ¢BopIguou

Karaypagr Tou ¢AoUOTOC EKTTOUTIAC M
pBopiopoU dlaAUNATOC XPWHOPOPOU j |

Movoxpwudaropag ) k

OIEyEPONC

Agiypa MovoypwpdTopag I
ﬁ \—" _,  EKTTOUTIAG
| \

= =
[oAuxpwuaTikn /«
TMyN wtog N Avixveutiig
w AvBpaKEVIO
- N 1ug/ml o€ EtOH

(B) VWavelength {nm)



QaoUATOPWTOUETPO PBOPITUOU — Texvik XOPOAKTNPIOTIKG
nyn dieyeponc — Movoypwudropac
Paoua ekmopTAg, I(A)
‘Evraon kai gtabepotnTa
PQaoPaTIKO EUPOC («MOVOXPWHATIKOTNTAY), OA (MOA)
[ToAwanN
EuBuypaupion déounc

Asiyua

Yypo, OTEPED

[ewpetpia akTivoBoAnanc (90°, Front face observation)
Atoppognaon (TTukva ) apaid diaAupara — inner filter effects)
2kedaon (Rayleigh, Raman, Mie)

Aviyveuon

2UAN\OYI) EKTTEUTTONEVNC AKTIVOBOAIOC
Oaoparikn dIaKPITIKA IKavOTNTa, dA

Euaiobnaia avixveutn, S(A) ;



QaoUATOPWTOUETPO PBOPITUOU — Texvik XOPOAKTNPIOTIKG
nyn dieyeponc — Movoypwudropac
Paoua ekmopTAg, I(A)
‘Evraon kar gtaBepotnTa

H @aouarikr karavour évraong atn dieyeipouaa dEaun, I(A), mpoadiopiletal 1600
atd ™ QWTEIVA 10XV TS Auxviag 6ao Kail atd v amoteAeapankdtnta mepiAaong
TOU PPAYHATOC OTO HOVOXpwHATOopa dIEYEPANG.
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. = —
B255 el

ssowxe — .
CZOME FREE =

IRAADIAMCE

TUTTIKI) QAOUATIKA KATAVOUI EKTTOUTIAG OTTO
; Auxvia T6¢ou ¢Evou (Xenon arc lamp)
cl I 1 1 L

i 1000 1500 2000 2400
WAVELENGTH {nrm)
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QaoUATOPWTOUETPO PBOPITUOU — Texvik XOPOAKTNPIOTIKG

nyn dieyeponc — Movoypwudropac
Paoua ekmopTAg, I(A)
Paoparikd eUpog («JovoxpwuaTikdTnTay), dA (MOA)

To @aogpartiko Upog ¢ dieyeipouaag Tpoadiopiletal amo Ta
XOPAKTNPIOTIKA TOU povoXpwuaropa (¢pdyua TepiBAaong, €0TIOKO

’ J I4 4 4 Monochromator
MAKOC KAl TO AVOIYUa TWV OXITHWY £100d0U Kal £0dou). o _—
Ay Ay Ag bandwidth
Concave it

vidth

mirrors

IE Effective
g bandwidth
3
g P \ /
= v v
3 ~ AoA
E iy gl
3 A Ay A
2
5 Effective
& bandwidth
Reflection P
Ty ey 3
ratin
Entrance & & Exit plane al j~| al
. 1 1 M
slit Sllt Monochromator

setting, A



QaouaToQWTOUETPO POOPITUOU — TexVIKA XaPAKTNPIGTIKG

nyn diéyepan¢ — Movoypwudropac

Pdopa ekouTAg, I(A)

[ToAwan

H amoteAeapanikdnta mepiBhaong (diffraction efficiency) Tou @pdyuarog aTo povoypwuaTopa
OIEyEPANG (KaI EKTTOUTIAG) ECAPTATAI OTTO TO XAPAKTNPIGTIKA TTOAWGCNG TG AKTIVOPBOAIAC.

AuTé gival anuavTiké Kai TTPETTEN va EAEYXETAI OTIC TIEPITITWOEIG TTIOU TTPAYMATOTIOIOUVTAI JEAETEC

avigoTpoTTiag @Bopiapou, dnAadr) diEyepan e TTOAWUEVN OKTIVOBOAIO KAl TTAPATAENCT EKTTOUTIAG
UEOW TTOAWTWV.
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QaoUATOPWTOUETPO PBOPITUOU — Texvik XOPOAKTNPIOTIKG

Acgiyua
YypO, aTePED

[ewpetpia akTivoBoAnanc (90°, Front face observation)
Atoppognaon (TTukva ) apaid diaAupara — inner filter effects)

2kEdaaon (Rayleigh, Raman, Mie)

. Transparent
Diluted solution Solid sample

oooooooo

Flow-cell

Y A

1cm cuvette

Surface reader
1 O

Optical
path

Figure 3 Sample geometry and typical cell for fluorescence
measurements.

O 10T0¢ TOU dEiypaToC (T1.X. OTEPED, DIAUYEC
O1aAupa, d1GAupa pe uwnho Babud okédaaong
(BoAd)) TTpoadiopilel T €idoC TOU Popéa
(kuweAida, diokio, TTAAKidIO) Kal T YEWETPIa
akTIvVOBOANGNG KAl TTApaATAPNONG TNG EKTTOUTIAG.

2NV TEPITITWAN OlauywV OIAAUNATWY ETTIAEYETA
N TAPATAPNACN TNG EKTTONTTAG ATIO TO ETWTEPIKO
NG KUWeAidag KABETA w¢ TTPOC TNV KaTeuBuvarn
NG OEaUNG OIEyEPONG KABWC AUTA N YEWUETPIa
ehayioToTrolgi TN okEdaanN.

2NV TIEPITITWAN OTITIKWG TTUKVWY OIGAUUATWY
gT1a omoia n dieigduan ¢ dieyeipouaag gival
eNAYI0TN, N TTOPATAPNCN TNG EKTTOUTIAG YiveTal
KGBETA WG TTPOC TN dlEyeipouaa ATTo TNV
TpoaBia Aeupd ¢ kuyweAidag (front face).



QaoUATOPWTOUETPO PBOPITUOU — Texvik XOPOAKTNPIOTIKG
Aciyua

Atoppo@nan (TTukva ) apaid diaAupara — inner filter effects)

Evw 010 6p10 ¥aunAwv Tipwy TS amoppdenang diaAluarog Tou xpwuopopou (A < 0.2), n éviaon g
EKTTOUTTAC @BOpPICUOU gival o€ TTOAU KAAA TTPOCEYYIOT avAAOYN TNG UYKEVTPWAONG TOU XPWHOPOPOU
(I ~ C), o€ mepioxég Tipwv A > 0.2 raparnpouvTal amokAIoEI§ atro T YPAUUIKOTNTO.

AuTO oQeiNeTaI OTO OTI TO TTOCOATO DIEYEPANG OTO KEVTPO TNG KUWEAIDAG, aTr’ OTTOU GUAAEYETAI N
OTITIKI) EKTTOUTTH, €ival JEIWPEVO KABWG UTTApXEl OPACTIKE amoppdenan ato PdaBio THAKA TNS
KUWeAidag.

['10 avTioToIoug AGYOUG N EKTTOUTTI) OAAOIWVETAI QACHATIKA GTNV TIEPIOXT TWV XAUNAWY UNKWV
KUMATOC KABWC TUAUA auTAS ATToppo@ATal ATTO TOV OYKO TOU dIOAUHATOC HECW TOU OTTOIoU JIEPYETAN .

2.0x10° 5 b, | b
- Anthracene (x10™ M) Entrance | "1 _| "2
3 P Exc: 340 nm o
; .6x10 —0.15 , , Sample cell
= 6 — 0.3 daopata eKTTPTIAC " — — :
5 1.2x10%; (pB0pITHOU SIOAUPATWY = Ay B F
.g N avBpaKkeviou BIOPOPETIKWV r | b,
o 8.0x10™ OUYKEVTPWOEWV. ZTIC UPNAEC Y
§ A OUYKEVTPWOEIG €ival EPeavi ! Exi
o 4.0x1071 TO ATTOTEAEOATA TOU I st
S 1) | | (paivopévou inner filter. v
LL 0.04 . IIIIII = .7 ’T 7 7';"'””7”:flf'rf — Photoluminescent

360 380 400 420 440 460 480 500 520 540 NM emission (Zem)



QaoUATOPWTOUETPO PBOPITUOU — Texvik XOPOAKTNPIOTIKG

Aciypa

2kedaaon (Rayleigh, Raman, Mie)
H dieyeipouaa dEaun aAAnAemIdPA e 1O DIAAUTN Kal TTAPAYEl XAPAKTNPIOTIKEG PACHATIKEG TAIVIEC TTOU
ogeilovtal atn okédaaon Stokes Raman.

O1 Taivieg autéc mapdyovral kata kupio Adyo amé Tahaviwoeig Ektaong deapwv C-H rj O-H
(eupiokovtal aTnv Trepioxn 2800 — 3700 cm™') kal autd avTioTolxei a€ PePIKES DEKADEC nm aTn BETIKI
TIEPIOXT WG TTPOG TO A, OTTWG PaiveTaI OTA ATUATA TTOU TTApaATiBevTal.

11000
10000 nanopure H,0/ CH_OH (J. T. Baker) 4:1 2;8 (nm)
9000 - 78
] 4
8 8000_ IRamanStokesOC IIamp/)\exc I 300
(&) ] 325
— 7000t Seo
2 6000
= ' 400
C 5000
£ ] 425
< 4000—_ 420
3000 -~ 475

2000 -
1000

0

300 350 400 450 500 550 600 650 700 750

Wavelength / nm

H €évraon Tn¢ Taiviag Raman
QTTOTEAE] TTAPAUETPO TNG
£UQI0ONaiag ToU AVIXVEUTIKOU
OUCTAMATOC TOU POOPICUOUETPOU
KOl TTapouataleTal aTa TEXVIKA
TOU XAPAKTNPICTIKA.

Step = 1 nm
Integration time = 1 s
Slit, .= 5 nm
Slit, =1 nm
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QaouaToQWTOUETPO POOPITUOU — TexVIKA XaPAKTNPIGTIKG

Photocathode Spectral Responses

Avixveuon 100
2UAoYN EKTTELTIONEVNG C(KT’IVOBO)\I(]Q = wkid
Qaopartikn d1akpITike IkavotnTa, dA - 2 3

’ , = 1k
EuaioBnaia avixveutn, S(A) “g‘

, Eaal

(DUJTOH(?)\)\GH)\GO',IGO'THC, (PMT)’ 3 U =t R
EkTToutA nAekTpoviwv amd gwrokdbodo &= Cs-Sb &2 GaAsCs §

, , . 0.01f : :
(QWTONAEKTPIKO QaIvOUEVO) Kal TTOMATTAACIATUOGC lﬁl_ﬁalgl.l
(evioxuan) Toug pEow d1adoxIKwy duVOdwV. 8004 5
To UNIKG TnG KaBodou Tpoadiopilel TN paTUATIKNA 100 200 300 400 500 600 700 800 900 1000

TIEPIOXT EUAITONGIOC TOU AVIXVEUTA Kal TV KBAVTIKH vemeiangt (Manometent}

aTrodoan. T

INCIDENT —,

ELECTHONS“__;_' N .
110 10 = DYNODES
11 = ANODE

F = FOCUSING ELECTRODE

he

THBV3_0205EA

Figure 2-5: Linear-focused type



QaoUATOPWTOUETPO PBOPITUOU — Texvik XOPOAKTNPIOTIKG

Aviyveuon

Aviyveutéc auleuenc gopriou CCD (charge coupled device)
‘Exouv uynAi euaigbnaia kal TapExouv Xwpikn (2-d) Anpogopia.

‘-
% 'l‘ N
N il

MEtpnan tng Evraang, |, akTivoBoAiag eKTTeUTIOPEVNG OTTO TINYN

Evraon mmyng 1 (1) = dditﬂ Auvapiko/pixel V(r) = M
ApIBLOS v X ol
QuWTOViwV n,(z)= jo | (A)dt S oV (7)<, (7)

doprio/pixel q(z) = Ke,n, ()
http://en.wikipedia.org/wiki/Charge-coupled_device


http://en.wikipedia.org/wiki/File:CCD.jpg
http://en.wikipedia.org/wiki/File:CCD.jpg
http://en.wikipedia.org/wiki/File:CCD_charge_transfer_animation.gif
http://en.wikipedia.org/wiki/File:CCD_charge_transfer_animation.gif

PaouaTtoQWTOUETPO PBOPITUOU

daocuarookoria EKTouTTn¢ PeopIcuoU
i . KOATAYPAPEI TO ATUA TNG EKTTOUTIAG TTOU TTAPAYETAI [IE
< - OIEyepan TOU DEiYUATOC O€ TUYKEKPIMEVO UAKOS KUMATOG,
fibre optic . )\

iris
diaphragm

nF900 nanosecond
flashlamp

exc*

Pacuarookormia d1éyepons ¢BopIauoU
=y —= S ATTOTUTTWVEI TO QACHA TNS ATTOPPOPNANG N OTToId Eivall
: / Lo UTTEUBUVN IO TNV TTAPATNEOUPEVN EKTTOUTTH) 9BOPIGHUOU
o

programmable
steering mirror

5

: =g flashlamp or
7 Xe%00 xenon A
e arc lamp i
e N (optional) I.'A',I .
R \[ . IlI i
itati ‘VK |I II| II Ill
excitation 5 | S Iy |
monochromator I| Y A
LV
excitation " Ci r g |I \
polariser | ( 5 | \\
(optional) JEEN = | i J\
computer c()ipﬁmised ‘j‘ ““ g S et T
optical design | \ § (A)
) o
] “\ = o |
I \ programmable = f II f
\ 7 steering mirror i UL o I I| |I
: y s | Z n I| | |
// : 25 i T H | D I,' |II I| | I| |
; —A v i fAV0 ]
K o N IV
= P —_ r’\_jl | | |
b H I v |I
emlissAion | A single photon \
« polariser | \ . counting detector \
(optional) (with optional N
led housi -
large sample chamber with cevted hotsng)
F/0.95 optics T T T T 1 T T T 1
variefy of cryostats and 300 350 400 430 500
sample temperature ‘ (B) VWavelength (nm)
cci)ntro| ogtions ~——1_L e emission ,
monochromator Figure 4 Fluorescence spectra of anthracene (1 pgml™ ') in

ethanol. The emission spectrum (A) was obtained with
fax = 340nm and the excitation spectrum (B) was obtained with
fam = 379 nm.
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Kivnrikn (Auvayikn) Bswpnon eBopiouou

XpOVIKWS avaAuOMEVN POOHMATOOKOTTIO PBOPICHOU
(time-resolved fluorescence spectroscopy)

MeTpnoeig Tou xpdvou (wrs @OoPITUOU (T¢) ETITPETTOUV TOV KIVATIKO XOPAKTNPIOHO TwV
OlEpyaaiwy atrodIEyepang Kal TNV TTAPAKOAOUBNON Kal KATavonan Twv uNXaviouwy
evOopopIakwy f/kar diapopiakwy AANAETTIOPATEWY (T1.X. HETAPOPA evEPYEIAC DIEYEPONC,
KIVAOEIG OIAAUTN KATT).

[TaApIKn TINY1
O1Eyepang (AEi1lep)

Agiyua MovoypwpdaTopag AVIXVEUTAG

t PMT N
SN | :K

t / () =1_(t=0)e™" =1 _(t=0)e "

[leipaparnika ol PETPAOEIC XpOvou {wh¢ GBopIauoU aTTaITouV T XPHAON TTAAPIKWY TTNYWVY
O1Eyepanc (Kupiwg AEICEP), EUPOUC TTAAUOU OTNV TTEPIOXT PS MEXPI NS, KAI AVIXVEUTIKWY
OIATACEWV TTOU ETTITPETTOUV TNV ACIOTTIOTN KATAYPAPK) TAXEIWV WETABOAWY £vTaanc
akTIVoRoAiac.




XPOVIKWC avaAuouevn @aouatogkoTia ¢Bopiauou

Light source

Sample

I
5"7; &, -

Y
(1 Wavelength selector

} Detector

-

TAC |
start y yTAC stop

Stop discriminator

.\\\----____ J

Figure 3 Basic components of a time-correlated single-photon
counting system.

TAC ADC

—

—?"" MCA

Time-Correlated Single-Photon Counting
(TCSPC)

H texvikn faailetal ae diEyepan Ao TOAUIKO
AEICEP (Toyse ~ 1—50 ps) TToU Aermoupyei o€
uwnA6 pubud emavainyng (50-100x108
TTaAUOI/s).

Detector signal —~ f Memory cells

=%

H oTOTIOTIKA QTTOTIUNGN TWV YEYOVOTWYV EKTTOUTTAC —

HEPOVWUEVOU (EVOS) GwToviou PBoPITHOU WG TTPOC TO

XpOvo TToU peagolaei amd TNV AQIEN Tou TTAAUOU Histogram

5I£V£p0r]§ 010 6£|V“G U£Xp| Tr]V £K1T0p1Tr] Tou Figure 4 TCSPC measurement principle. The random nature

(PU)TOViOU (]'|T06i6£| Tr]V £|K(’)VG Tr]g cmo&éygpo'r]g of the events recorded yields a luminescence decay histogram.
p ; ; , The memory cells are memory addresses to record a photon at a

@Bopiouou (MBavatnTa (TUXVOTNTA YEYOVOTWY  specified time interval.

EKTTOUTTAC) WG TTPOC TO XPOVO).




XPOVIKWC avaAuouevn @aguatogKoTia ¢Bopiguou

Xpovikn perafoAn peraromong Stokes
H peTaBoAr Twv QATUATWY EKTTOPTTAC

&= (pBopIoUOU WG TTPOG TO XPOVO
= « 2 (KAipaka Aiywv dekGOwV ps) ETTITPETTE]
= TN JEAETN TOU TTPOTAVATOAIGHOU
Z &, (KIVAGEWV) TWV popiwv Tou dIaAUTN
‘ YUpW aT1T0 TO XPWHOPOPO.
Time-dependent
fluorescence
Stokes shift
hvIaser
S

)
P

R @

Wavelength (nm)



[lapayovTec Tou TpoadiopiCouv 10 OoPITUO

Mopiakoi rapayovrec

HAsktpoviakn Aoun
- XapakTiea¢ BeueAiwdouc Kai SIEYEQIEVWY KATAOTATEWV
- mapouaia Bapéwv arouwv (heavy atom effect — spin —orbit coupling)

Mopiakn doun

- ékraon ouduyiag (uéyebog opiou)

- XQPAKTNPIOTIKES OUAOEC

- UUETABANTN d1auopewan AOyw dovnaewy, TTELICTOOPWY
- dlauoplakéc aAAnAemidpaaoeic

MMepiBaAAov

AiaAorng
moAIkOTNTa, IEWOES

Ocpuokpacia

37



[lapayovTec Tou TpoadiopiCouv 10 OoPITUO

Mopiakoi mapdayovrec

HAsktpoviakn Aoun o

- XapakTipac BeueAidous Kal kisc = — |( W H, ¥, dr)|2 p(Eq)

OlevepUéVWY KaTaoTaoewy (nir*, ™) h

a) b) —
: I::::h P ‘|n.n'11I Rl BlSCl(f qJUTqJUS)lZ p(ET) (FCWDOS)
— | [m,m*
H;
) ‘ IS ISC = f(AEgy ; nr™, ™ ; Z)

I o Energy gap law : log(k) ~ - [AE(S; ~ T;,)

!gg:t{:- S ‘t1-|:7.;~-:l--J :ln.n'l )

| '[ W Kavoveg El-Sayed

‘ l S —'—sup 1(”77*) « 3(7777*) E 3
h , ' (e 3(nm*)  TTPTES

‘e ::: f?f}i:;_ﬁ!_ : e 1(nn-*) <> 3(/777*)

g ATTOYOPEUNEVEC

W) < 3(mm 38




[lapayovTec Tou TpoadiopiCouv 10 OoPITUO

Mopiakoi mapayovrec
HAsktpoviakn Aoun
- Xapaktipa¢ BeueAiwdoug Kai dIEyEpUEVWY KATAaTAoEwY (NTT™, TTIT”)
AiakeTUuAio (Biacetyl) st(ocpalvévn 1-xAwpo-va@OaAévio
4 009 al b? o
A
b | ey OO Q0
£l syina) § S i) ©©
=I It 55[Tt,1'l'.'l
g Ly '10’ 5
! 8ot 5" TEITI-..TI-I
; 0P o " m n n1)
Sq(n,c*)
N Ty(n,*) sl <0 L\ ife? A
105 201
[ T s T N A O —
TTT e s Table 1 A comparizon of n,z" and =, =" singlel stales
n, K.K"
Malar absomtivity (1mol~'em~")  10-10° 10°=10°
Lifetime(s) 10-7=10"% 10~ "=0"7
Energy difference betwean S, Small Often lange
and T, 39
Rate constant for intersy stem =y A = kg

crossing (k)



[lapayovTec Tou TpoadiopiCouv 10 OoPITUO

Mopiakoi rapayovrec

HAsktpoviakn Aoun
- mapouaia Bapéwv arouwv (heavy atom effect — spin—orbit coupling)

g Control peplide
r4

Ww o8 Br-4,5-0ct
E Br-3,5-0ct
Lt

¥ o6}

L

[

[

E O‘A —

% ——— Br-3,6 -0ct
Y ozt

%,

-

E JE— | 1

O 1
320 360 400 440
WAVELENGTH {nm)

Figure 8.36. Emission spectra of the peptides shown in Figure 8.45.
Also shown Is the emission spectrum of a control peptide with a pbeny-
lalanine group in place of p-bromophenylalanine. Revised and reprinted,
with permission, from Ref. 66, Copyright @ 1993, American Chemical
Society.

210 £1KovI(OpEVa oKTaTIETTTIOI, N TTApouaia Br aT1o apivocy Bpwo-
@aivul-aAavivn (Br-Phe) emdpa (¢ amoatacewc) ot diadikaaia
ISC 1rou Aappavel xwpa ag alo auivocu, vagBul-aAavivn (Nap),
Figure 8.35. Stuctire of peplides conining naphthylalanine and  TTDOKAAWVTOG PEIWON TNG KPAVTIKAG aTrOdOONG cpeoplopogoéﬂwg

p-bromophenylalanine, separated by 0 (fap), 1 (rmiddle), or 2 (bottom)

amino acid residues. Revised and reprinted, with permission, from Ref. (pGiVETG| oT1d (de-IJGTG (peoplo'poo ]

66, Copyright @ 1993, American Chemical Society.




[TapdayovTeg TTou T[DOO'5IODIZOUV T0 @B0opIoUO

Mopiakoi rapdyovrec @ . ‘ ~ *

Mopiakn doun

- EKTaon auuyiag
Aromatic hydrocarbons.
(a) benzene
) naphthalene
) acenaphthalene
) anthracene
) phenanthrene
(f) benz[b]anthracene
(g) benz[a]anthracene
(h) chrysene
(i) pyrene
(j) benz[c]phenanthrene

perylene
benzo[e]pyrene
benzo[a]pyrene
naphtho[2,3-a]pyrene.

: 3 00000 @@@2 ©©©©©

"‘*

T. Miura, Y. Kumaga| J. of TOX|coIog|caI Sciences 35(6 843 52 (2010) DOI: 10. 2131/Jts 35.843



[lapayovTec Tou TpoadiopiCouv 10 OoPITUO

Mopiakoi rapayovrec

Mopiakn doun
- XQPAKTNPIOTIKEG OJUAOES

Eicaywyry o€ éva gBopilov YOpIo UTTOKATAOTATWV-
XOPOKTNPIOTIKWY OPAdWY TTOU EKXWPEOUV

nAEKTPOVIOK TTUKVOTNTA (electron donating groups)

odnyei v yEvel aTnV augnan g KBAvTIKAS
amédoang eBopiauou.

YTrokataoTateg mou EAKOUV NAEKTPOVIA 0dnyouv
VEVIKA O€ Eiwan TNS KBAVTIKAC amddoong
¢pBopiouou.

JCHS

HaC.
O SCN

OH

/[::F“\/”f% ““j
NN

Acridine Orange (¢r = 0.2)

|
Acridine (O = 0.008)

C
N/"

42

Benzoic acid (- =0)  N,N dimethylaniline (®r=0.19)



[lapayovTec Tou TpoadiopiCouv 10 OoPITUO

Mopiakoi rapayovrec

Mopiakn doun
- UUETABANTN S1auopewan AOyw dovnoEewv, TTELIOTOOPWY

O, >0, [ (k)< (k)2 ]

H ammodiéyepan ¢ 2 TTPAYUATOTIOIEITAI KAl
UETW JOPIOKWY OOVATEWY Kal TIEPIOTRPOPWV
(augnuévn k) o€ avtiBeon pe v 1 n omoia

(1) (2) eNQaViEl akapwia eaITiag Tou ETEPOKUKAIKOU
Fluorescein Phenolphthalein OOKTUAiOU
:—i—?* — 210 Cis-OTIABEVIO €uvoEiTal N I00UEPiWaT TTPOC
:ﬁ ’Hj}_\ / \r\ TN popor trans péow g dieyepuEvng
\_/ N/ KATAOTAONG.
k|so 70 kiso =0

0-(298K) = 0.05  D-(298K) = 1 4



[TapAyovTeC TTOU TTPOCDI0P

Mopiakoi mapayovrec

Mopiakn doun

- OlauoplakéS aMnAemidpaoceic (€ emagnc)
AlaAUpara Trupeviou uPnAngC GUYKEVTPWONG OAAG
KO KPUGTOAAOI OTEPEOU TTUPEVIOU EPavilouv
EVTOVN KAl EUPEIA EKTTOUTTA XWPIC GACUATIKI) UPN

Fluorescence Intensity

otnv mepioxn 400-600 nm.

[Tou oQeiAeTal N EKTTOUTTH) QUTR ?

Py (Sy) + hv, — Py* ($,)

Py* (S1) = Py (Sp) +hvg k¢’

Py* (S4) — Py (Sy) Kic TXNHATIOPOC
PY (S) Py (T) ke O'EYeRHEVOU™

O1uepoUG
Py* (S,) + Py (Sg) — (Py...Py)* ku[Py] (excimer)

(Py...Py)* — 2Py (Sg) +hvg kg

(Py...Py)* —2Py*(S;) kg (non-radiative)

iCouv 10 @BopIoUO

[, 107" M
! -
k \\
— I1‘.'J-'I " — | m— o — o — i el
1'& L‘I'“'\-—\I ]
|- \ 10" M
'“._ﬂ-.,_,_\_\_\_‘_\_\_
“'H-.,_\_h_\-
".Iu. -----\---_—._
Lt 4 -3
'IJ'
[ v 107" M
i
| e
107" M
I-.I-.
__,,.l"'\-'-.ﬂ—";.- e —

430 S S}

Wavelength (nm)
Paopara ekToptS POopIoUoU SIAUNATWY
Tupeviou oe e¢avio (10° =102 M).
Aexc: 337 nm
D. A. van Dyke et al, J. Chem. Educ. 75,
615-620 (1988)

0

s
o 40



[lapayovTec Tou TpoadiopiCouv 10 OoPITUO

Mopiakoi rapayovrec

Mopiakn doun

- O1auoplakéC aAAnAemmidpaaeic

Fluorescence Quenching

(arrodiéyepon Abyw KpoUaewv)

o 1 1
’Z'F = 9 = 5 —
Ke kg +Ki, +Kig, +Ko[Q]
1
g = +k [Q]:> =1+7.k,[Q] =
e Tk F
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“Measuring photophysical reactivity”

Fluorophore : PSA (pyrene sulfonic acid)

Quencher : Kl Aexc : 335 nm
J. Chem . Educ. 69 (1992) 424
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Figure 3. Fluorescence intensity and lifetime of PSA plotted against
the concentration of iodide ion. The excitation wavelengths for the
fluorescence intensity and lifetime measurements were 335 and 337
nm, respectively. In both experiments the fluorescence emnssnon was

monitored

at 395 nm. The solid circles correspond to t°/t and the

crosses to FY/F.
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Mopiakoi mapdyovrec Fluorescence Quenching
Mopiakn doun or
- 01aLOPIKES GAMNAETTIOPGTEIS “Measuring photophysical reactivity”
(arrodiéyepan AGyw KpoUoEwV)
Dynamic quenching Static quenching Epappoyég atn
Collisional Guenching Static Quenching Bioxnueia/Quaikn
(F% F*y a =.ar Aopn Kal QUVAMIKA
1},-Q -1t . r
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Q F+Q FQ
! ‘,,\' toaecatwe | «Molecular Probes»
5?;_ [ ’ I https.//www.thermofisher.com/q
! r/len/home/brands/molecular-
§ - probes.html
L\E ¥ J. R. Lacowicz, Principles of
-1 Fluorescence Spectroscopy, Springer
L 2006, Keg. 8. (8.1-8.5)

Q]
Figure 8.1. Comparison of dynamic (collisional) and static quenching.
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Mopiakoi mapdyovrec Fluorescence Quenching
Mopiakn doun or
- OIauOPIaKeS aAANAEMIOPaTEIS “Measuring photophysical reactivity”

(arrodiéyepan AGyw KpoUoEwV)
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Mopiakoi mapdyovrec Fluorescence Quenching
Mopiakn doun or

- Olalopiakes aMnAEMIOpaoeiS “Measuring photophysical reactivity”
(arrodiéyepan AGyw KpoUoEwV)
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Mopiakoi rapayovreg
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Fluorescence Resonance Energy Transfer (FRET)
“A molecular ruler”

D-A + hv,; — D*-A — D-A* — D-A +hv,

Mopiakoi rapayovrec

Mopiakn doun
- e_v5o-uop_/aKéc aAnAemidpdosic

& —_—— corvent FRET YTapyel n duvarotnTa YETAPOPAG EVEPYEIAG
. Beiaxation (10-1%) D*k,= 1 ( 52)5 6|éy£pcqg qﬂé évq XPWHOPOPO g€ Eva Ao UTIO
4 N T my mpodmoean o :
Q A 1) auta eypiokovtal KOVTA (OTTOATACEIG TNG TACNS

hv, o hvedr |Ek; Q“‘ (o) > Ve :3-30 A) kal

1075 Q 2) uTrdpyel EmKGAUYN Tou PAGHATOC
S y D A aTmopPPOPNCNG ToU JEKTN HE TO ATHA
Figure 1.14. Jablonski diagram with collisional quenching and fluo- EKTTOMTTNG TOU 60TI’].

rescence resonance energy transfer (FRET). The term Zk; is used to H Bend , 5 , .
represent non-radiative paths to the ground state aside from quenching OTAvEQPA TAXUTNTAG TNG O1EPYATIAG LETAPOPAS

and FRET. evépyelag d1Eyepang eapTaral atmo Tnv amoéaTaon
00TN-0£KTN Kall gival avaAoyn Tou R,

'_

z z

W g g?n':g; on Q¢ onTOTé)\sqpa gival §(p|KTég 0 npoo&opwuc’gg

& 2 £VOOHOPIAKWY ATTOOTACEWY [E BATTN TO QAIVOUEVO
& < | Absorption E@apuoyéc an peAétn dopnc BloTToAUpEPWV.
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J. R. Lacowicz, Principles of Fluorescence
Spectroscopy, Springer 2006, Keg. 13. (13.1 - 13.3)
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Interactions Between Molecules

Order of
Distance Magnitude
Type of Interaction Dependence Example (kJ mol~1)*
OpoI0TTIOAIKOG ; ,
, Covalent bond No simple H-H 200-800
0c0 MOG expression
lovTIKOC OETHOC Ton—ion EAdD Na+Cl- 40-400
Areor
: qu 2
Ion-dipole - Na*(H,0), 5-60
4reor
A
g . , 3 i 1
© | Dipole-dipole S tall SO, SO 0.5-15
w Q
% ‘2 Ion-induced dipole L < Nat C¢H 0.4-4
Gb:) E, g 2 4meort = '
< é au?
< Dipole-induced dipole HCI CgHg 0.4-4
< 4neor®
O y
Dispersion %O:—6 CH4 CHy 4-40
ASO'H(I)Q H Hydrogen bond No simple H,0---H;0 4-40
expression

V~ “The actual value depends on distance of separation, charge, dipole moment, polarizability,
and the dielectric constant of the medium.
& rn 5This is listed for comparison purposes only.
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Fluorescence Resonance Energy Transfer (FRET)

Theodor Forster

Mopiakoi mapdayovrec — , , .
— MeTapopd evépyelag diéyepang PEow auvToVIoHOU aTTo
Mopiakn 60”’] , aMnAeIdpdoeic BITdAoU-OITTIOAOU.
- EVOO-IOPIaKES AANAETTIOPGTEIS hitps:/lonlinelibrary.wiley.com/doifabs/10.1002/cphc. 201000733
S5 \2
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Figure 13.2. Dependence of the energy transfer efficiency (E) on dis-
tance. R, is the Forster distance.



Fluorescence Resonance Energy Transfer (FRET)

Theodor Forster

Mopiakoi mapdayovrec — , , .
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Mopiakoi mapayovreg FRET : “A molecular ruler’
Mopiakn doun A16d00N YETAPOPAC EVEPYEINC
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I'Iapch'rMov Karta v nAektpoviakn diéyepan petaBarAetal n SIroAIKRA pOTTH TOU Hopiou, M.
AiaAdTne Qc amotéAeaua dIaAUTEC DIAQOPETIKAC TTOAIKOTNTAC OTABEPOTTOIOUV OE DIAPOPETIKO

, , aBuo TIC KaTaaTAoEIC S, Kal S,.
moAIKOTNTA, 1EWOES paduos S0 KAl S , , ,
, ETol, TEIpapaTIKG, TTAPATNPEITAI HETATOTTION TOU

> .

§ Sa I ",‘;e”t‘?' CIO"V"E"'S'T and  pEopaToc EKTTORTIAC WC TIPOC TO PATHA ATTOPPOPNCNC
g } x ra( 'fg?,zsr;e s (Stokes shift; vibrational relaxation + solvent).

c% S, ? Y H epunveia TG METATOTTIONG EPUNVEUETAI

8 1} 2 v VEVIKQ g TN Betwpnaon 611 0 dIaAlTNG ivall
S He \ | Solvent £V0 OMOIOVEVEC DINAEKTPIKO HECO pE

S relaxation  gin\ekrpikiy oTaBepd, €, kal e BAon auTod
= More polar (1077s) . . :

T ol TpokUTTTEl N oXéon Lippert Tou

§ s TTOOOTIKOTIOIEI TN PETATOTTICN TOU JEYIOTOU
g " EKTTOUTIAC O€ OXEDT JE TO YEYIOTO

§ B Al M aTopPOPNaTG.

g hvy =/ ’ YTapyouv Kai €I0IKEC TTEQITITWAOEIS aAANAeTTIdpaTNG

8 e . ' XPWHOPOPOU-0IaAUTN Adyw oXnuaTIouoU deapwy H 1y
.

eCcaITiag YeTapaaewy PETAPOPAg YopTiou.

= Figure 6.1. Jablonski diagram for fluorescence with solvent relax-

ation. MeAETeg oupTIEPIQPOPAG SIaAUTWY Kal EMISIOAUTWANG
IOVTWV Kal Jopiwv (solvation).
PA-VF=2 E—l_nz-—l (PE_PG)2+C MeTon “F))\ '( ) : AoyIké
hel2e+1 a2 +1 JE U ;;%quﬁ Tzo IKOTNTAGC O€ PEUPPAVES Kal BIOAOYIKA
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MMepiBaiAov

AiaAorng
moAikotnra, 1IEWOEC

Franck - Condon
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g Franck -Condon
Pre] Principle
RZ, is unchanged
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Figure 6.7. Effects of the electronic and orientation reaction fields on
the energy of a dipole in a dielectric medium, pi ;. > ;. The smaller cir-
cles represent the solvent molecules and their dipole moments.

J. R. Lacowicz, Principles of Fluorescence
Spectroscopy, Springer 2006, Keg. 6. (6.1 6.4)
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Figure 6.9. Lippert plots for two naphthylamine derivatives in
ethanol-water mixtures. Data are shown for N-phenyl-N-methyl-6-
aminonaphthalene-2-sulfonate (©) and 6-aminonaphthalene-2-sul-
fonate (®). Revised and reprinted with permission from [10].
Copyright © 1971, American Chemical Society.
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MMepiBaiAov
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moAikotnra, 1IEWOEC
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Figure 6.5. Dipole in a dielectric medium.
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MMepiBaiAov

AiaAdrng o O
moAIkOTNTQ, 1EWOEC S,

. NO,
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WAVELENGTH (nm)

Figure 6.2. Photograph and emission spectra of DNS in solvents of
increasing polarity. H, hexane: CH, cyclohexane: T. toluene; EA, ethyl

acetate: Bu. n-butanol.
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Figure 6.3. Corrected fluorescen
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ce emission spectra of DOS in cyclo-
acetate (EA), and butanol (Bu). The

dashed line shows the emission of DOS from DPPC vesicles. Revised

from [1].
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, NMe;
lepiBdAAov
AiaAorng
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moAikotnra, 1IEWOEC \Neg N
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Figure 6.29. Emission spectra of a dimethylamino-substituted Bodipy

Figure 6.34. Effect of solvent polarity on the energies of LE and ICT probe. Tetrahydrofuron (THF). Revised and reprinted with permission

states. Revised from [79)]. from [67]. Copyright © 1998, American Chemical Society.
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MMepiBaiAov

AiaAorng
moAIKOTNTA, 1EWOES
Ocpuokpaoia
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Figure 6.36. Excited-state isomerization of stilbene. From [81].

#(298 K, organic solvent) = 0.05
#(298 K, glyceral) = 0.15
- {77 K, organic solvent) = (.75

210 Cis-OTIABEVIO EuvOEiTal N I00UEPiWaN TTPOC TN HOPYN trans
HEOW TN dlEyEPUEVNC KATATTAONG.

Opwg, Tapouaia d1AAUTN uwnAoU 1EWAOUC N TIEPICTPOPN YUPW
a6 10 deapd C-C kar kard ouveTela N 1I00Uepiwan TTIBPAdUVETAN
e aoTEAEOUA auinan TNG EKTTOUTIAG @BopITUOU.

AKOUN peyaAuTepn emBpAduvan TapatneEital ae XaunAn
Oepuokpaaia, o1ToTE 0 DIAAUTNG EUPICKETAI O€ OTEPEN LOPPN

63



[lapayovTec Tou TpoadiopiCouv 10 OoPITUO

MepiBdarAov
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Figure 6.36. Excited-state isomerization of stilbene. From [81].
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Figure 6.35. Intensity decays of trans-stilbene in methylcyclohexane:
isohexane (3:2). Revised from [80].
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[epiBdAAov Anisotropy of Fluorescence Polarization
AiaAdtne a method to
TOAIKOTNTA, I§WOES ‘measure molecular rotation or solvent viscosity”
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J. R. Lacowicz, Principles of Fluorescence Spectroscopy
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MMepiBaiAov
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moAIKOTNTA, 1EWOES
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Anisotropy of Fluorescence Polarization

a method to

‘measure molecular rotation or solvent viscosity”
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Figure 10.15, Pesrin plots for fluorescein (F1, 1) and (RNA™ 1abeled
at the 3"-end with fluorescein (3*-F1-tRNA, #). Also shown is the plot for
the labeled t-RNA when bound to methionyl-tRNA synthetase (met RS,
4). The experiments were performed at 20 °C. The viscosity 1} was varied
by adding sucrose. Excitation was at 480 nm, and emission was measured
at 520 nm. Revised and reprinted, with permission, from Ref. 34, Copy-
right © 1986, American Chemical Society.
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[epiBdAAov Anisotropy of Fluorescence Polarization
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J. R. Lacowicz, Principles of Fluorescence Spectroscopy

Figure 10.29. Absorption and excitation anisotropy spectra of perylene in propylene glycol.
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[epiBdaAAov Anisotropy of Fluorescence Polarization
AiaAdmne a method to
moAIKOTNTA, IWOES “measure molecular rotation or solvent viscosity”

Rotational anisotropy
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Figure 10.30. Polarized absorption specira of perylene along the long  Figure 10.31.  Polarized absorption spectra of 9-aminoacridinium in 2
{z) and short (y) axis. Revised from Ref. 8. stretched PVA film. Revised from Ref. 70
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[epiBdaAAov Anisotropy of Fluorescence Polarization
AiaAdmne a method to
moAIKOTNTA, IWOES “measure molecular rotation or solvent viscosity”

Rotational anisotropy
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Figure 10.12. Excitation polarization spectra of fluorescein in propyl-
ene glycol at —50 °C. Radiative transfer was avoided by using thin
samples, 3050 um thick. Revised and reprinted, with permission, from
Ref. 18.

J. R. Lacowicz, Principles of Fluorescence Spectroscopy



EKTTOUTTN OTT0 QVOPYAVEC EVWOEIC

ZUUTTAOKEC EVWOEIC
Huiaywyoi, KBavrikég reAciec (Quantum dots)
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EKTTOUTIN ATTO AVOPYAVEC EVWOEIC- UETOAAIKA 10VTa

Ion Excited State Ground State N oy E1SS101
Mn?* (3d°) t,%e! (4T)) t,%2 (5A)) Green-Orange-Red
Sb3* (5s2) 5515p! 552 Blue

Ce3+ (411) 419541 4115d9 Near UV to Red
EuZ* (417) 4f°5d! 41759 Near UV to Red
Tm3* (4112) 1G, *H, 450nm (Blue)

Er3+* (4111) 1S, y . 545nm (Green)
Tb3* (41%) D, ’F. 545nm (Green)
P13+ (41) P, SH.CF,) 605(635)nm (Red)
Eu’* (419) D, ’F, 611nm (Red)

4



-

EKTTOUTT

N Bergé > 1
3 ., >

Fig. 1 Fowling in the marshes (EA 37977), Nebamun wall painting
fragment, British Museum, London, UK: visible (top) and infrared
photoluminescence (bottom) images. Bright white areas, which corres-
pond to the presence of Egyptian blue, are caused by luminescence
from the pigment. ©The Trustees of the British Museum.

Egyptian blue : CaCuSi,O4,

CaorBa e
9

A0 AVOPYAVEC EVWOEIC- UETOAAIKA 10VTa




EKTTOUTTN OTT0 AVOPYAVEC EVWOEIC- UETAAAIKA 10VTA
& R R Egyptian blue : CaCusSi,O,,
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EKTTOUTIN a1T0 avOPYaVEC EVWOEIC — KBAVTIKEC TEAEIEC

O TrEPIOPIOUOC TOU WeYEBOUC oWUATIOIWY NUIaYWYWY O€ dIACTACEIC TS TALNG Aiywv
VAVOUETPWY 0dNYEi TNV EPQAvIan GaIVOUEVWY KBAvTIKOU TTEpIopITHOU (quantum
confinement), Tou g€ BACIKO €TTITTEDO £PUNVEUOVTAI PE TO TIPOTUTIO TOU CWHATIOIOU O€ QPEAP
OuvapIKoU (particle in a box).

272
noh 1 1 1
E, = s+t —+ —
ﬁlnm 4[nm 8 T "{;T L} -'.;:'g“
A l . [ A A H evepyelakn diagopd Baaiknic Kal
- g 53nm - 34nm o ~20m o BlevepEVNG KATAOTAONG (vEPYEID (EUyOUG

e-0TTA¢) €ival auvaptnon ox! Jovo Tou
o . EVEPYEIOKOU XAOUATOC TOU NUIAywyou aAAG
KQlI TOU pEYEBOUC Tou vavoowuaTidiou.
‘ET01 evw N OTOIXEIOPETPIO TOU NUIAYWYOU
TTAPAUEVEL 1 iDIC 1) EKTTOUTTT

(eTavaouvdean e-ot¢) TpoadiopileTal
atd 1o YEyeBog Tou cwpaTIdiou.

_ _ _ J. R. Lacowicz, Principles of Fluorescence 74
Figure 20.1. Color photographs of cadmium selenide nanoparticles Spectroscopy, Springer 2006, Keg. 20. (20.1)
illuminated with a long-wave UV lamp. Revised from [2]. ’ ’



EKTTOUTIN a1T0 avOPYaVEC EVWOEIC — KBAVTIKEC TEAEIEC

2€ APXITEKTOVIKEC TTUPAVa-KEAUQOUC (core-shell) Ta vavoowparidia Tou nuiaywyou (Tr.x.
CdSe) aTov TTUprjva TTPOaTATEUOVTAI ATTO HIA ECWTEPIKN OTIBAdA NIAYWYOU uwnAdTEPOU
evepyelakou xaoparog (tr.x. ZnS 1 CdS) n omoia mepiopilel ATEAEIEC TNV ETMIQAVEIQ TTOU
MEIWvOUV dpaaTika TNV KBavTikr amodoon @Bopiouou.

To gUOTNPA TTPOCTATEUETAI TTEPAITEPW ATTO AETITO TTOAUMEQIKO UMEVIO TO OTTOIO Eiavi
Bioouupato Kal UTTopEi va QEPEI EVWOEIC TTOU OIEUKOAUVOUV T GUVOEDT TOU GUCTAUATOC JE

Bioudpia.

: - InAs InP CdSe
—— Bioaffinity w| 6.0+28nm 30«46 46+2.1nm
molecules e I s *
W ow
ZnS e
—
<LIJ
zm
Core xS
CdSe ) S
Shell
1771 1033 729 564 480

: WAVELENGTH ( nm)
Polymer coating

Figure 20.2. Emission spectra of semiconductor nanoparticles. The
Figure 20.3. Schematic of a core—shell NPs with a biologically com- approximate diameters are labeled on the figure. These are core—shell
patible surface. particles. For CdSe the shell is ZnS or CdS. Revised from [1].



EKTTOUTIN a1T0 avOPYaVEC EVWOEIC — KBAVTIKEC TEAEIEC
Evepyela perafaong : AE = he/d,, = E, + AE,

Eveépyela kBavTikou Treplopiauou c o o o o o o
_ B h2 1 1 e o & o ®_ o @
AEq_Ee-l_Eh_SRz(mZ-I_m;;) e & o o o 8 o

m* : avnyuévn Pada e kai oTnG aTo EGITOVIO (+,-)
[m,*=0.19m, m,*=0.80m,]

S 10- ® o o o o o o
B
E E 0.8
8= oe]) Aktiva Bohr Tou €€Toviou
= .0 X
2E o _ h%c (1 L1
] i
USUU | 3|5|:| | 400 -I 4|5|:| | EE'D | SIEU | E':llzll:l | EéD | Tll:lﬂ 8 = ECdS£O (£CdS = 5.7)
Wavelength / nm GB ~ 2 nm
Figure 1. Normalized absorption and emission spectra for nanco- 76

particulate CdS (—) and colloidal CdS|-- ).



NoAu-@wroviki PaocuarookoTria (Multi-photon spectroscopy)

O1 upnAEC TIREC EvTaanc TTOU TTPOCPEPOUY Ta (TTOAUIKA) AEI(ep €XOuv W¢ ATOTEAEOUA TNV
mBavotnTa (Tautd)XPOVNG) ATTOPPOPNCNG TTEPAV TOU EVOC PWTOVIWY ATTO £va ATOWO 1) HOpIO.

‘E101 6AeC o1 TIpoavapepBeioec TeXVIKEC dUvavTal va TTpayuaTotroinfolv Kal Je amoppoenaon
TTOAATTAWY QWTOViWV.

2UVETTEIEC TNG TTOAU-QWTOVIKAG O1adIKaTiag : AAAAY TwV KAVOVWY ETTIAOYAC

O1 ouvoAikoi Kavoveg emMIAOYAC gival TO YIVOUEVO TWV KAVOVwVY EMIAOYNG Tou OIETEl TO
K@0s povoewroviko arddio tn¢ ouvoAikn¢ oiadikaciac

[1.x. T'a uia dipwrovikn dladikaaia o kavovac ETIAOYNS WS TTPOC KEVTPO GUULIETPIAC Eival :
g—>u-—>g
Apa yia S1pwToVIKEC OIaOIKATIES OI EMITPETTTEC NETATTTWOEIC Eival g —> g Katu —» u !!

Mapatnpoupe AoITov OTI HETARBACEIC TTOU ATTAYOPEUOVTOI HE EVO QWTOVIO ETTITPETTOVTOI
ue duo!

Eva emmmAéov AcovEKTNUA TNG TTOAUQWTOVIKAG dl1adikaaiag €ival OTI yivovial EQIKTEC TIMEC
evépyelag dieyepanc, AE, dITAGaIEC akoun A TPITTAACIEC AUTAC TTOU AVTIOTOIXEI OTNV EVEPYEIQ
NG JovoPwTOVIKAG d1adikaaiag.



[oAU-@wToVvIKN POCHATOOKOTTIO

Aigpyaoiec TTOAU-QWTOVIKNG dIEYEPONG
21NV TTOAUQWTOVIKY dIEyEPON BEwpPOoUE
0TI TO oUOTNA JIEPXETAI OTIYMIAia OTTO

eVOIAUETES EIKOVIKEC KATAOTATEIC (- - - - - )
1hv 2hv
2> — 2>
(My,) ~ |E|(1]|f1]2) (Myp) ~ [E[*(1|g|k) (k|| 2)
= |E| | ¥ de H mBavotnta digwTovIKAC

HETABaONG ek@padeTal YEow TOU
YIVOUEVOU TNG TIBavoTnTAC TTOU
QVTIOTOIXEI O€ JOVOPWTOVIKO

Brpa dieyepang.
Pip ~ I2(My2)*
O 6pog I? utrodnAwvel T un -

H mBavoTtnTa HovoQwTOoVIKNAG
uetapaaonc civar avaoyn tou k>

TETOAYWVOU TOU OAOKANPWHATOG = = = = = = = =
NG OITTOAIKAG POTIAG pETARATNG.

Py~ By~ 04y ~ I[{My,)?

[~ |E|? YPOUMIKOTNTA TNC DIEYEPONG KAl
TN OUMMETOXI) 2 QWTOViwV
1> 1>

(9 =>u)ai (u—>09) , : (9 = u)(u—>9)=9—>¢
(43=0, +1) Kavoveg emhoynig (43=0, + 1)(4J=0, + 1)= 4J=0, % 2



[oAU-@wToVvIKN POCHATOOKOTTIO

Maria Goppert Mayer (June 28, 1906 — February 20, 1972)
AipwTovikn ATroppopnon o€ Atoua

Maria Goppert Mayer was a German-born American theoretical

| physicist, and Nobel laureate in Physics for proposing the nuclear
| shell model of the atomic nucleus. She was the second woman to
win a Nobel Prize in physics, the first being Marie Curie. In 1986,
the Maria Goeppert-Mayer Award for early-career women physicists
was established in her honor.

A graduate of the University of Gottingen, Goeppert Mayer wrote her
doctoral thesis on the theory of possible two-photon absorption by
atoms (supervisor Max Born). At the time, the chances of
experimentally verifying her thesis seemed remote, but the
development of the laser permitted this. Today, the unit for the two-
photon absorption cross section is named the Goppert Mayer (GM)
unit.




[oAU-@wToVvIKN POCHATOOKOTTIO

KivnTiki 6ewpnon Tou N. Beer otn povo- Kai d1-QwTOVIKN
amroppopnon
MovoQwTovikn arroppdenon
Oewpoupe T dlepyacia wg avtidpaan Tou arduou/popiou A e Eva pwTOVIO
€ QUVTEAEDTN) TOXUTNTAC avTidpaang k, Kal avaypAgoupEe T0 VOUO NG
TaxUTNTaC VIa TN YETABOA TN TTUKVOTNTAC TWV QWTOViWV.
A + (hv) — A*
dn/dt = - kKN n => dn(hv) = - kN n(hv) dt

=> c dn(hv) =- (k/c) N [c n(hv)] c dt

=> dl=-(k/c) Nl dx=-o N Idx

=> 1(X) = 1(x=0) exp(- s N I) : N. Beer

N: apOu. mokvotnta anoppoenti (atduov, popiov)

N: aplOu. TLKVOTNTO POTOVIMV
I: évtoon aktivoBoriog (W/cm?)
0 (64,): EvePYOG dlatoun amoppdenong (CM?/popo)



[oAU-@wToVvIKN POCHATOOKOTTIO

KivnTiki 6ewpnon Tou N. Beer otn povo- Kai d1-QwTOVIKN
amroppopnon
AIQWTOVIKN aTTOpPOPNON
Oewpoue TN dIPWTOVIKNA ATTopEOPNON W avTidpaan Tou arduou/popiou A
e dUo pwtdvia kal auvteAeaTh TaxuTnTac avridpaang k, kar avaypagouye
TO VOMO TNG TaXUTNTAC YIa TN METABOAR TG TTUKVOTNTAC TWV QWTOViWV.
A + 2(hv) — A*

(1/2)dn/dt=-k’N n? => .....

=> dl =- (2k’/(hv)c?) N I2dx = - 8 N I? dx

Oln evepydg oaTopun amoppOPNONG: Gy = O + 10
0 (81,): evepydc droTopn SpmToVIKNG amoppdenong (cm#/popo W)

J. R. Lacowicz, Principles of Fluorescence
Spectroscopy, Springer 2006, Keg. 18. (18.1 - 18.3)
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Aipwtoviki PacparookoTia Ekroptriic P0opiocuou
(2-photon excited fluorescence spectroscopy)

Paouata eKTouTAC POOPIoHOU ATTO OPYAVIKEC XPWOTIKEC (dIOAUpATA O€ HEBAVOAN)
KaTOTTIV dIEyepang e TTOAUIKO AEilep Nd:YAG, A:1064 nm, 1. 10 ns

s Do 0,202 473
g 0,427 1458
: 0,506 2345
0,634 3135
: 0,828 3794

. 1 . 1 . 1 . 1 . 1 .
500 550 600 650 700 750 800

wavelength (nm)

IF — KIO(PF(gbC) Movo-@wrtovikr dIEyepan

No eheyybei n popen mg kopmding Iz = (1 aser)?]

I2PF = K(IO)Z(PF(SbC) Al-Qwtovikr diEyepan

O : evepyo¢ diarour) / ouvteAEOTAC DIPWTOVIKAC ATTOPPOPNCNG
1 GM = 1x10-%0 cm*sec/photon



[oAU-@wToviK) MikpooKoTria

E@apuoyec Al- kai [MToAu-@wTovIKAG HIKpoakoTTiag aTn BioAoyia

Huorescence || 700 nm Fluorescence

~ U0 FIET

Ground (Ground
State State

ne-Fhoton Excitation Two-FPhocton Excitation

H un-ypappikf €€dptan ¢ amoppoenaong amd v Eviaon odnyei o€ EVIOTTIONO
¢ OIEyepong o€ WIKPA TepIoxn Tou OeiyuaTog, OA ekei omou n €viaon (W/cm?)
Trapouaiadlel péyiaTo. Q¢ amoTéAeapa EMITUYXAVETAI ONPAVTIKA Algnon TS XWPIKAG
avaAuang (eukpivelag). H un ypaupIkr MIKPOOKOTTIO BadieTal aTn XpAoN TTAAUIKWY
nywv AEiep utepPpayéwv TTaApwy (ultrafast lasers).

+ Eukpivela
+ Euehicia diEyepanc (A)
+  Melwpévn ewtdAuon

- €€€ (femtosecond laser)

One-photon excitation Two-photon excitation
Ateikdvion d1-pwtovikoU GBopIoUoU 0€ VEQPIKA KUTTAPA TTOVTIKIOU




[oAU-@wToviK) MikpooKoTria

2XNMATIKO O1QYPANMA TTOAU-QWTOVIKOU JIKPOOKOTTIOU
Two Photon PMT

. Three Photon

PMT

Femtosecond Scan 2

Fiber Laser Mirrors

Dichroic
Mirrors

Mirror Description:

150 mm focal length 1 Mircoscope
Fold mirror

Objective
Fold Mirror

300 mm focal length . Sample
-400 mm focal length XYZ Translation Stage

Fig. 1. Schematic diagram of the All-Reflective Multiphoton Microscope. The collimated laser
beam is raster scanned vsing a 2D galvo scanner The beam i3 later expanded by reflective
optics to fill the back aperture of the objective lens. Dichroic murrors are utilized to separate
the excitation laser light from the back-scattered nonlinear signals from the sample, and also to
separate the different generated wavelengths from the sample into appropriate PMT channels.

M wn e



Fig. 4. Multiphoton image of the euphorbia cactus leaf using. (a) 1550nm laser and (b) 1040nm
laser. Red color represents the two-photon excited fluorescence (2PEF) and second harmonic
generated signal (SHG). Green color illustrates three-photon excited fluorescence (3PEF) and
third harmonic generated signal (THG). The focus does not change by changing the source

wavelength due to the all-reflective design of the system. Ye GVTIO'TOI)(iG lE TO (pouvc')psvo Mg 6I-(|)(JL)TOVIKI"]§

Vol 25, No. 19 | 132? OPTICS EJ(F' 23390 | amoppoPnang (-pBopIgoU) AAAEC UN-YPAPMIKES

SR SERHESS N 515py00iEC (TPI-PWTOVIKA ATTOPPOPNON-PBOPITHGC,
yévean 21 kair 3" apUOVIKAG) TIPOKUTITOUV KATA TV
All-reflective multiphoton microscope aMnAemidpaan utrepBpaxEwv TaAuwv Aéilep (1r.x. 100
BABAK AMIRSOLAIMANI,">" BENJAMIN CROMEY,"? N. PEYGHAMBARIAN, femto§econd) Kai ,£1T|Tp,é1TOUV T,r] )\£1TTO,|J£pr'] pIKpOIUKOHIKI‘]
AND KHANH KIEU ateikdvian dEIYUAaTwy OTTwE KUTTapa fy BroAoyikoUg

!College of Optical Sciences, University of Avizona, Tucson, AZ 85721, USA |O-TOU§




[oAU-@wToviK) MikpooKoTria

E@apuoveg Al- kai [MoAu-@wTtovikAG YikpoakoTiag atn BioAoyia

Figure 4.4.2: THG images taken from a C. Elegans embryo. Images show the in vivo

assymetric cell division from two fo four cell stage.

[. ToepePeraknc, AidakTopikn diarpiBh, TuRua Puaoikig, MavemoTiuio KpAtng, 2013
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E@apuoyec Al- kal [ToAu-@wToviknG pIKpoakoTriac atn BioAoyia

Figure 4.4.3: THG images recorded from an early stage C. Elegans embryo. Images

depict the in vivo cell division from four to multiple cell stage.

[. ToepePeraknc, AidakTopikn diarpiBh, TuRua Puaoikig, MavemoTiuio KpAtng, 2013



