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Light is electromagnetic waves
• Light consists of an electric component and a magnetic 
component, which oscillate in phase in perpendicular planes

• Light is characterized by frequency f and wavelength λ

• Frequency f determines how many times per second wave 
oscilates, unit is Hertz Hz = s-1

• Wavelength determines the spatial period of the wave - the 
distance over which the wave's shape repeats, expressed in 
nanometers nm = 10-9 m

• Frequence f and wavelength λ is given by
c = λ f

where c is the speed of light (c=299 792 458 m s-1 in vacuum)

• Energy  E = h f, where h Planck’s constant (6.626 10-34 J s)
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λ

Animation of electromagnetic waves 
http://www.edumedia-sciences.com/a185_l2-transverse-electromagnetic-wave.html

Electromagnetic wave

z

xy c = λ f
c is constant, if wavelength 
increases, frequency must be 
reduced to get constant 
product.

Wavelength λ is inversely 
proportional to the 
frequency f

E = h f 
The greater the frequency, the 
greater the energy of the 
radiation. 

The greater the wavelength 
λ, the lower the energy of 
the radiation.

B E

http://www.edumedia-sciences.com/a185_l2-transverse-electromagnetic-wave.html
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Visible spectrum
Only a small portion of entire spectrum of 
radiation is visible.

The visible spectrum is bordered by 
wavelength of 400 nm and 700 nm.

http://science.hq.nasa.gov/kids/imagers/ems/visible.html

400 nm

7.5 1014 Hz

700 nm

4.3 1014  Hz

http://science.hq.nasa.gov/kids/imagers/ems/visible.html
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Intensity

Intensity – the number of photons passing 
through an unit area in a given direction 
per unit time
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Absorpion

• A substance absorbs light
• For absorption of 

monochromatic light
• Beer-Lamber Law:

Absorbance is directly proportional to the 
concentration and thickness of the 
solution layer

lcII ⋅⋅−⋅= ε100 I
IlcA 0

10log=⋅⋅= ε
ε=molar extinction coefficient, c-concentration, l-length of optical path
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Absorbance dependence on the 
relative intensity of the incident and 

transmitted light
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Luminiscence

• Light emission from a substance; occurs 
from the electron excited states

Luminiscence is divided to:

1. fluorescence

2.phosphorescence

According to the origin, luminiscence is divided to
1. photoluminescence 2. chemiluminiscence

Presenter
Presentation Notes
Vypocet na tabuli:Jaka je hodnota absorbance v pripade, ze se po pruchodu snizi intenzita na polovinu?
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Fluorescence

• Emission from excited singlet states
• Practically: fluorescence is observed during 

excitation and disappears quickly after the 
shutdown 

• Time decay τ (Lifetime) is the average time 
that elapses from the excitation to emission -
the order of 1 to 10 nanoseconds

• note: light traveles 30 cm in 1 ns 
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Phosphorescence

• Emission from excited (prohibited) triplet 
states

• Practically: the lifetime of phosphorescence
is much longer than the lifetime of
fluorescence
Lifetime in order of

milliseconds to seconds

note: light traveles 300 až 300 000 km in that time

Presenter
Presentation Notes
Praticka ukazka fluorescein a fosforescencni hvezda na transiluminatoru
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Frank-Condon principle of laziness
of nuclei during absorption

Absorption of a photon by an electron 
(excitation of a molecule) is a very quick 
process in the order of femtoseconds (10-

15s). Because the atomic nucleus is much 
heavier than the electron, it doesn’t move 
during photon absorption. After absorption 
of a photon – excitation, the whole 
molecule is in an unstable state („is hot") 
and vibrates to get rid of energy (to "cool").
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Absorption and emission of energy by 
the molecule
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Presenter
Presentation Notes
Otázka proč jsou tripletové stavy zakázané?Odpověď- protože excitovaný elektron má stejný spin jako jeho párový elektron v základním stavu,proto není přechod dovolen, byly by dva elektrony se shodným spinem v jedné hladině.
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Radiative and non-radiative transitions 
between electronic-vibrational states of a 

molecule
absorption fluorescence phosphorescence

λ

τ ≈ 10-15 s τ ≈ 10-8 s τ ≈ 10-3-100 s

absorption fluorescence phosphorescence

T1

S2
inner conversion

intersystem
conversion

S1

Vibration relaxation
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Presenter
Presentation Notes
http://www.life.uiuc.edu/govindjee/biochem494/Abs.htmlAccording to the so-called Franck-Condon principle**, the absorption of a photon is a practically instantaneous process, since it involves only the rearrangement of practically inertia-free electrons. James Frank recognized the obvious: the nuclei are enormously heavy as compared to the electrons. Thus, during light absorption, that occurs in femtoseconds, electrons can move, not the nuclei. The much heavier atomic nuclei have no time to readjust themselves during the absorption act, but have to do it after it is over, and this readjustment brings them into vibrations. This is best illustrated by potential energy diagrams, such as that shown below. It is an expanded energy level diagram, with the abscissa acquiring the meaning of distance between the nuclei, rxy. The two potential curves show the potential energy of the molecule as a function of this distance for two electronic states, a ground state and an excited state. Excitation is represented, according to the Franck-Condon principle, by a vertical arrow (A). This arrow hits the upper curve, except for very special cases, not in its lowest point, corresponding to a nonvibrating state, but somewhere higher. This means that the molecule finds itself, after the absorption act, in a nonequilibrium state and begins to vibrate like a spring. This vibration is described, in the figure, by the molecule running down, up, down again, etc., along the upper potential curve, like a pendulum. The periods of these vibrations are of the order of 10-13, or 10-12 seconds. Since the usual lifetimes of excited electronic states are of the order of 10-9 s, there is enough time during the excitation period for many thousands of vibrations. During this time much if not all of the extra vibrational energy. is lost by energy exchange (temperature equalization) with the medium. The molecule, while it remains extremely "hot" as far as its electronic state is concerned, thus acquires the ambient "vibrational temperature." Fluorescence, when it comes, originates from near the bottom of the upper potential curve, and follows a vertical arrow down (F), until it strikes the lower potential curve. Again, it does not hit it in its deepest point, so that some excitation energy becomes converted into vibrational energy. The cycle absorption-emission thus contains two periods of energy dissipation. Because of this, the fluorescence arrow (F) is always shorter (that is, the fluorescence frequency is lower) than that of absorption (A). In other words, the wavelengths of the fluorescence band are longer than of the absorption band. This displacement of fluorescence bands towards the longer wavelengths compared to the absorption bands (Stokes' shift) was a long-established experimental fact before the Franck-Condon principle provided its interpretation. Obviously, the extent of the shift depends on the difference between the two potential curves. 



Formation of the absorption = 
excitation spectrum

15Výukový materiál společnosti Invitrogen

Presenter
Presentation Notes
This is best illustrated by potential energy diagrams, such as that shown below. It is an expanded energy level diagram, with the abscissa acquiring the meaning of distance between the nuclei, rxy. The two potential curves show the potential energy of the molecule as a function of this distance for two electronic states, a ground state and an excited state. Excitation is represented, according to the Franck-Condon principle, by a vertical arrow (A). This arrow hits the upper curve, except for very special cases, not in its lowest point, corresponding to a nonvibrating state, but somewhere higher. This means that the molecule finds itself, after the absorption act, in a nonequilibrium state and begins to vibrate like a spring. This vibration is described, in the figure, by the molecule running down, up, down again, etc., along the upper potential curve, like a pendulum. The periods of these vibrations are of the order of 10-13, or 10-12 seconds. Since the usual lifetimes of excited electronic states are of the order of 10-9 s, there is enough time during the excitation period for many thousands of vibrations. During this time much if not all of the extra vibrational energy. is lost by energy exchange (temperature equalization) with the medium. The molecule, while it remains extremely "hot" as far as its electronic state is concerned, thus acquires the ambient "vibrational temperature." Fluorescence, when it comes, originates from near the bottom of the upper potential curve, and follows a vertical arrow down (F), until it strikes the lower potential curve. Again, it does not hit it in its deepest point, so that some excitation energy becomes converted into vibrational energy. The cycle absorption-emission thus contains two periods of energy dissipation. Because of this, the fluorescence arrow (F) is always shorter (that is, the fluorescence frequency is lower) than that of absorption (A). In other words, the wavelengths of the fluorescence band are longer than of the absorption band. 



Formation of the emission 
spectrum
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Výukový materiál společnosti Invitrogen



The dependence of the emission 
spectrum on the excitation light
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Výukový materiál společnosti Invitrogen
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Stokes shift

The emitted light has always lower energy 
(longer wavelength) than the energy of the 
absorbed light (smaller λ).
Difference between absorption maximum 
and fluorescence emission maximum of 
the spectrum is given by specific 
characteristic of the fluorophore.



Formation of Stokes shift

20
Educational material of Invitrogen
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Stokes law
The wavelength of the emitted light is greater 

than or equal to the wavelength of the 
excitation light 

λem ≥ λex
This is due to the fact that after 
the light absorption, a partial loss 
of energy (heat) often occurs 
during transition from higher 
excited electron states to the 
lowest excited metastable state.

λEx
520 nm

λEm
560 nm
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Stokes shift

Emission has always smaller energy 
(longer wavelength) than is absorbed 
energy (smaller λ).
Difference between absorption maximum 
and fluorescence emission maximum of 
the spectrum is given by specific 
characteristic of the fluorophore.
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Experiment  G. G. Stokese

Sun
Blue glass 
windows in the church
Transmits light with
λ < 400 nm

Excitation filtr

Quinine 
solution

Glass of wine
Transmits light with  
λ > 400 nm
Emission filtr

G.G.
Stokes

1852, Cambridge
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After filtr exchange – fluorescence 
disappears

After filter exchange, ie. if we put a glass of wine in the path of the sun's rays, 
transmitted light can no longer excite the solution of quinine.
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Colorful animated introduction 
to the principle of fluorescence

http://probes.invitrogen.com/resources/educ
ation/tutorials/1Intro/player.html

Presenter
Presentation Notes
Při tomto experimentu modré sklo mozaikových oken kostela propouští světlo s vlnovou délkou menší než 400nm. Toto světlo je absorbováno roztokem chininu. Chinin emituje světlo s delší vlnovou délkou, než bylo světlo excitační (450nm) a které může procházet přes sklenici bílého vína, která propouští pouze světlo o vlnové délce větší než 400 nm, k pozorovateli.INTRODUCTION TO FLUORESCENCE Holger Spanggard (holger.spanggard@risoe.dk) The Danish Polymer Centre, Risř National Laboratory In the experiment outlined, the blue glass transmits light below 400nm that is absorbed by quinine. The light emitted from quinine has a longer wavelength (450nm) and is allowed to pass through the glass of wine and reach the observer. 

http://probes.invitrogen.com/resources/education/tutorials/1Intro/player.html
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Typical fluorophores

Fluorophores or fluoreoscent dyes are molecules, that 
emit fluorescence. Fluorescence is exhibited especially by 
aromatic compounds (polyaromatic hydrocarbons or 
heterocycles)..

Typical flourophores are for example:

•quinine (tonic)

•fluorescein, rhodamine B (antifreeze, fluorescent labeling)

•POPOP (scintillators)

•Acridine orange, ethidium bromide (DNA)

•umbelliferone (ELISA)

•anthracene, perylene (environmental pollution by oils)

Presenter
Presentation Notes
Při záměně filtrů , tj. jestliže dáme sklenici vína do dráhy slunečních paprsků, procházející světlo již nemůže roztok chininu excitovat.If however the filters (blue glass and glass of wine) switched place the UV radiation could not reach the quinine solution, and the emission could not penetrate the wineglass
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The use of fluorescence 
in geography



28J.R. Lakowicz, Principles of Fluorescence Spectroscopy, Third Edition,Springer, 2006

Presenter
Presentation Notes
Fluorescein byl použit k důkazu, že řeky Rýn a Dunaj jsou propojeny podzemními proudy.



29

Quantum yield
Quantum yield Q is the ratio of emitted and 
absorbed photons.

Indicates the efficiency with which photons excite 
fluorescence.
Quantum yield can be up 1.
In fact, it is lower thanks to the non-radiative
transitions of molecules from the excited state.

Rhodamine flourophores (~1) and fluorescein (0.95)
has the highest quantum yields 
http://www.iss.com/resources/reference/data_tables/FL_QuantumYieldStandards.html

Reduction of the quantum yield with temperature-thermal 
quenching of luminescence – is characteristic

Presenter
Presentation Notes
Fluorescein byl použit k důkazu, že řeky Rýn a Dunaj jsou propojeny podzemními proudy.

http://www.iss.com/resources/reference/data_tables/FL_QuantumYieldStandards.html
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Excitation spectrum

The dependence of fluorescence intensity 
on the excitation wavelength at the
constant wavelength of the emitted light

λEm= const.λEx  scan
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Emission spectrum

The dependence of fluorescence intensity on 
the wavelength at the constant excitation 
wavelength

λEx= const. λEm  scan

Spectraviewer

Presenter
Presentation Notes
Napsat na tabuli rovnici Q= pocet vyzarenych fotonu/ pocet absorbovaných

http://www.lifetechnologies.com/cz/en/home/life-science/cell-analysis/labeling-chemistry/fluorescence-spectraviewer.html
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Unchanged shape of the emission 
spectrum

The shape of the emission spectrum is 
independent of the excitation 
wavelength.
This phenomenon is due to the fact that 
the duration of the excited state and the 
quantum yield of the complex molecules in 
solution does not depend on the 
wavelength of the excitation light
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The shape of the emission spectrum is
unchanged at different excitation light

http://probes.invitrogen.com/resources/educ
ation/tutorials/2Spectra/player.html

Presenter
Presentation Notes
UKÁZAT jak funguje Spectra viewer

http://probes.invitrogen.com/resources/education/tutorials/2Spectra/player.html
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Mirror symmetry of absorption and 
excitation spectrum

En
er

gy

0 2
0 2

0
1
2

0
1
2

Distance

Abs Emis.

0 2

0 10 1

0 2

0 0

Wavelength λ

Ground
state

Excit.
state



35

The law of mirror symmetry between 
absorption and emission spectrum

Structure of vibration levels is the same in 
ground and excited state, therefore the 
absorption and emission of corresponding 
vibration levels may occur with equal probability. 
This results in a mirror symmetry of absorption 
spectrum and fluorescence emission spectrum.

Practically: at very low concentrations of the sample, we can  
determine  the shape of absorption spectrum from flourescent
emission spectrum without using the amount of the samples higher 
in several orders of magnitude.
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Fluorescent excitation and emission 
spectrum of the real solution

Mirror symmetry distorts during measurements of real samples due 
to fluorophore ionization at different pH, fluorophore complexation  
with other molecules in solution, or by simple contribution of other 
non-fluorescent molecules to the absorption (excitation) spectrum.
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Next:

• What is needed to be able to measure the 
spectrum of the fluorophore?

• How can we detect fluorescent molecules 
in the gel?
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