Luminiscence




Luminiscence

emise svétla latkou, ktera je zplsobena:

svetlem (fotoluminiscence)

fluorescence, fosforescence

chemicky (chemiluminiscence)
teplem (termoluminiscence)
zvukem (sonoluminiscence)

mechanicky (



Fluorescence

sekundarni zareni po absorpci elektromagnetického zareni

(od fosforescence se lisi dobou, po kterou trva sekundarni zareni,

kdyz prestalo plsobit zareni primarni) tzv. dosvit
108 az105s
10-2 s az nékolik dni
Anorganické slouceniny - fluorescence pomérné zridka (napr. u sol/
vzacnych zemin, uranylu, thallia).

Organickeé latky - fluorescence Cast€ji, nejintenzivnéjsi a analyticky

nejvice vyuzitelna u sloucenin s aromatickymi cykly.



Fluorescence ze zivota

bankovky — ochranné fluorescencni prvky

fluorescencni barviva, uprostred roztok chininsulfatu
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Fluorescencni spektrum

Filnorescence

(b)

A bsorption
a)

tensi

fluorescenéni spektrum je
posunuto k delsim vinovym
délkam nez puvodni absorpéni
spektrum (Stokesullv posun) a
je k nemu zrcadlové
symetrickeé
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Kam se ztraci energie?
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Absorption spectrum of quinine
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Note that the spectra are broad, because of solvent broadening



Monomolekularni procesy

vyhasinani
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Jablonského diagram



Doby zivota - lifetimes

S R
g e, ,I.SC 1k Doba Zivota excitovaného stavu
v Doba potiebna k poklesu
. Tl 5 fluorescence na hodnotu 1/e I,
=)
N i
3 :
. . 1/e = 0.37
| |F ISC
o -
S
&
5 T- cas
T = doba zivota fluorescence
T =1-100ns
y y
So

Tp = doba zivota fosforescence
Tp = 1 ms - dny

Tp >> T protoze prechody Triplet-Singlet jsou spinové zakazany



Doba trvani jednotlivych procesu

absorbce fluorescence

fosforescence
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Viastnosti fluorescence

. Aby latka emitovala fluorescencni svetlo, musi svétlo absorbovat

2. VInova délka fluorescencniho svétla > vinova délka excitacniho svétla

(Stokeslv zakon) Agie > Aaycit
Delsi A ~ mensi E = Eﬂuorescence < Eabsorbované svétlo
. Intenzita fluorescence « intenzita excitacniho svétla

. Fluorescencni svétlo je emitovano vsemi sméry nezavisle na smeéru
excitacniho svétla

. Fluorescence postupné mizi

. Intenzita fluorescence je umérna intenzité excitacniho svétla I,, hustote
vzorku C a efektivnosti fluorescence (kvantovy vytézek kappa)

. Kazda latka ma své charakteristické fluorescencni spektrum
. Absorpcni a fluorescencni spektra tvori zrcadlové obrazy

. Fluorescencni svétlo ma rlizny stupen polarizace



Kvantovy vytezek

kvantovy vytézek fluorescence

¢ — |\Iemit

N absorb

kvantove vytezky fluorescence jsou
vyrazne nizsi nez 1



Kvantovy vytezek - standardy

Tab. 6.1. Standards for the determination of flusrescence quantum yields

Range Caompourid Temp. Solfvert g Ref.
"<l

220—-300 nm Benzene ZD Cyclohexane 0.05 4+ Q.02 1

300—380 nm Tryptophan 25 H,O [pH 7.2) 0.14 + 0.02 2

200400 nm MNaphthalene 20 Cyclohexane 023 = 0.02 3

315480 nm Z2-Aminopyridine 20 0.1 mwol L! 0.60 <+ 0.05 4
Ha504y

360--480 nm Anthracene 20 Ethanol 027 -+ 003 1,.5

400—-5300 nm 2. 10-diphenylanthracene 20 Cyclohexane 0,590 +— 0.02 G, 7

400—-600 rum Quinine sulfate dihydrate 20 0.5 mal L7 0.546 3. 7
Ha8 0,

GO0—G50 nm Rhodamine 101 a0 Ethanal L.O =4 O ]

0.2 4+ 0.02 Q
GO0—650 rom Cresyl violet 20 Methanol 0.54 + 0.03 10

1) Dawson W R. and Windsor M. \W. (1968) J. Phys. Chem. 7Z. 3251.
2) Kirby E. P. and Steiner R, F, (1970) J. Phys. Chem. 74, 4480.
Z) Berlenan 1. B. (1963 Handbook of Fluoréscence Spectra of Aroviatic

Malecules, Academnic Press, Lordon.

4) Rusakowicz R. and Testa A. C. (1968) J. Phys. Chem. 72, 2680,
5) Melhuash & H. (1261} J. Phys. Chemn. G5, 229,
6} Harnai 5. and Hirayarma F. (19283) |. Phys Chem. 87, 83,
7) Meech S. R. and Phillips D. [1983) [. Photochim, 23, 193,

8) Karstens T. and Kobs ¥ (1980) [. Phys. Chem. 54, 1871

) Arden-Jacob ., Marz H. |. and Drexhage K. H. (1997} . Rluorescence
Z{Suppl}, 15

10} Magde D, Brannon |, H., Cramers T. L and Qlmsted |, 111 {1979}
. Phys, Chem. 83, 696.



Doba zivota

nezbytna charakteristika latky a jeji
interakce s okolim

doba zivota excitovaného stavu = doba
potrebna k poklesu fluorescence na
hodnotu 1/e I,
obtizné meritelna (10 ns)
meri se metodou

pulzni

harmonickou (fazova modulace)



Zhaseci procesy

kolizni procesy

kolizi s jinou latkou, ktera zajisti nezarivou deexcitaci (O,, I,
akrylamid)

statické zhaseni

tvorba komplexu v zakladnim stavu, ktery nefluoreskuje
(jednotlivé slozky ale samotné fluoreskuiji)

prenos energie
FRET — fluorescencni (Forstertiv) rezonancni prenos energie

reakce prenosu naboje

fotochemické reakce
po excitaci dochazi k chemické reakci molekuly



Vyuziti

kvalitativni analyza - podle zbarveni, resp. tvaru
fluorescenéniho spektra mizeme usuzovat na

pritomnost dokazované latky

kvantitativni analyza - podle intenzity zareni na
jeji mnozstvi

fluorescencni detektory se pouzivaji i pri nékterych

separacnich metodach

Casté vyuziti v biovédach



Intenzita

Donor Akceptor Theodor Forster

Ex Em Em
;"exc. I}"em.
vinova délka (nm)
SINGLE MOLECULE FRET Fluorescencni (Forsterdv)
Twe color correlated measzurerments rezona ném' pFenos (eXCitaénll)

energie

donor
°3 D
E;pm:@ - ﬂ@::' FRET=Forster (Fluorescence)

resonance energy transfer
D*+ A —> D + A*

Excitovany donor (D*) predava
T — e —  ©X. energii akceptoru (A), ktery
nasledné fluoreskuje
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Fluorescencni spektroskop

wample

MM onoc hromator

Excitation

|

lamp

usually need short &
[ligh enerdy] radistion
==; D2 or H2 lamp

Excifing
Lizht

Emisginn
Mnmch;mmaﬁ:lr

Detécn:lr

? Transmifted Lizht

Emitted
Lizht

meri se v kolmém smeéru k excitacnimu zareni



Fluorometr (fluorimetr)

Digital Readout

S SR SN 00,8 Syt H
Light Detector

Wavelengths specific
to compound »

Wavelengths created
by compound, plus

sray light :
)

Emisson Filter

Lamp
Fluorometer

Cuvette or

Sample Cell
*

LI}

Specific wavelengths of light
Excitation Filter

Many vwavelengths of light



Fluorescence Emission Spectrum

Measure the fluorescence emission spectrum for a fixed excitation wavelength

(1) Sample
(Y?
Light Source Excitation Wavelength
Selection
Emission
Wavelength
Computer Selection

Detector

nnnnnnnnnnnnnn

(1) Select excitation wavelength

(2) Illuminate sample with excitation light

(3) The fluorescence emits in all directions

(4) Collect fluorescence at 90° with respect to the exciting beam path
(5) Select an emission wavelength and record the light intensity

(6) Repeat (5) by scanning across a wide range of emission wavelengths



Fluorescence Excitation Spectrum

Measure the fluorescence emission at a fixed wavelength, while scanning the
excitation wavelength.

7

Light Source Excitation Wavelength
Selection
Emission

Computer Selection

Lol \
< T Detector

(1) select fixed emission wavelength

(2) Select an excitation wavelength and measure the intensity at the
detector

(3) Repeat (2) by scanning across a wide range of excitation wavelengths

Sample




EAAITIPICS OF Flidorescernce Cimissiorn opecCild

member: In a typical emission spectrum, the excitation wavelength is fixed and the
orescence intensity versus wavelength is obtained
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1) In a pure supbstance existing In soiution In a unique rorm,
the fluorescence spectrum is invariant, remaining the same
Independent of the excitation wavelength

chematic illustration Intensity

100 -

Exotation Ernission

50 -

Wavelength

fluorescence molecule is excited with two different wavelengths. The emission spectrum
measured for both cases. Note that the shape of the emission spectra is identical,

flecting the emission from the same state (vibrational ground state of S;). Note that the
ape is the same, but the amplitude differs. The amplitude is determined by the intensity
radiation and the excitation efficiencvy which ie a function of the excitation wavelenath



Luminometr

\YA"4 4

meri luminiscenci
napr. chemiluminiscenci nebo jeii zhaseni

Measure Add sample Incubate 15 min

casto byva kombinovan s fluorometrem

napr. Fluoroscan ascent




Detektory

potreba mérit nizke intenzity

casto potreba merit rychlé dosvity
fotonasobice (photomultiplier tube)




Fluorescence ve vodnem

prostredi

Solvent dipolar orientation relaxation

10-19 s
A%,
/ : G
y %
i ,\‘ v \
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Ground state Frank-Condon state

Immediately after excitation

Equilibrium Qut of Equilibrium

10'9 S B

Relaxed state
Long time after excitation

Equilibrium



Excited state

f Ny Partially relaxed state
o

Energy is decreasing as
the system relaxes

e Relaxed, out of equilibrium

Ground state

Intensity | Wavelength

Wavelength time

Time resolved spectra



Anglicke terminy

lamp - lampa,

zdroj

sample - vzorek

cuvette, cell -
fiber optic - o
lens - cocka,

kyveta
otickeé vlakno
upa

laser beam -
ray - paprsek

aserovy svazek

photomultiplier tube - fotonasobic
dichroic mirror - polopropustné zrcadlo
flash - zablesk, blesk



