Fluorescence

Fluorescence
Spectroscopy

Lodovico Lappetito

Fluorescenza - 14/07/2015- Pag. 1



Table of Contents

e[0T STy ol =T o [o ST I V=T | VPP 3
D} Toa o o O = AT g YA o T=Tot { o] 4 dT=1 =T SRR 5
[0 T ol o [y o L=t A e 0 1= =] USRI 6
FIUOreScenCe EXCItAation SOUICES .....cccuiiiiiiiiieiieei ettt ettt ettt et be e s b e s ae e st e e beesbeesaeesanesane 7
(0] (oY oY1 1177 | PSR 8
SOIUM FIUOTESCEIN (UTANINE) ceviiiiiiieiiieiiiee ettt eeettee e eeeeeebbra e e e e e e eeeaabeeeeeeeeeeessabeseeeseeesassssbeeeeeaesean 10
“EXEra Verging” OlIVE Ol .....uuii ittt et e st e e st ee e e s st e e e e s bee e e ssnbeeesesabeeeesnabeeeesnnreeeeennrees 11
ProtoPorphyrin (EZE SHEII) ....eo et e e ee e e te e s e e st e e e ba e e sn b e e ebaeesnseesnsaeesnseeennes 12
Riboflavin (Vitamin B2) and PyridoxXing (Vitamin BB) .......ccueeeeiiuieieeiiiiieeciieeeeciee e esiree e e s ivee e e navee e e avae e e 13
Py AN N 13
P T UMIE ettt ettt ettt e b e bt e s bt s bt e e a et e bt e ke e e bt e ehe e sab e et e e bt e beeeheesaeeeneeeteereen 14
211 Lol g1 o Doy L= =T o RSP SPR 14
QUUININE L.ttt ettt ettt ettt e sttt e e ettt e e s e bt e e e s eabe e e e s abe e e e s aabeeeesease e e e s aaseteesaasaeeeseaseeeessanteeessnrneessnrneessans 14

Fluorescenza - 14/07/2015- Pag. 2



Fluorescere Theory

At room temperature most molecules occupy the lowest vibrational level of the ground electronic state,
and on absorption of light they are elevated to produce excited states. The simplified diagram below shows

absorption by molecules to produce the first S1 excited state.

i

Exeited
State {54

K

Excitation

\

;

Excitation can result in the molecule reaching any of the
vibrational sub-levels associated with each electronic state.
Since the energy is absorbed as discrete quanta, this should
result in a series of distinct absorption bands. However, the
simple diagram above neglects the rotational levels associated
with each vibrational level and which normally increase the
number of possible absorption bands to such an extent that it
becomes impossible to resolve individual transitions. Therefore,

Fluarescence

Ground
State (3,) \! e most compounds have broad absorption spectra.
'__“_ Having absorbed energy and reached one of the higher
E vibrational levels of an excited state, the molecule rapidly loses
B its excess of vibrational energy by collision and falls to the
lowest vibrational level of the excited state. In addition, almost all molecules occupying an electronic state
higher than the second undergo internal conversion and pass from the lowest vibrational level of the upper
state to a higher vibrational level of a lower excited state which has the same energy. From there the

molecules again lose energy until the lowest vibrational level of the first excited state is reached.

From this level, the molecule can return to any of the vibrational levels of the ground state, emitting its
energy in the form of fluorescence. If this process takes place for all the molecules that absorbed light, then
the quantum efficiency of the solution will be a maximum, unity. If, however, any other route is followed,
the quantum efficiency will be less than one and may even be almost zero.

One transition, that from the lowest vibrational level in the ground electronic state to the lowest
vibrational level in the first excited state, the 0 - 0 transition, is common to both the absorption and
emission phenomena, whereas all other absorption transitions require more energy than any transition in
the fluorescence emission. We can therefore expect the emission spectrum to overlap the absorption
spectrum at the wavelength corresponding to the 0 — 0 transition and the rest of the emission spectrum to
be of lower energy, or longer wavelength.

In practice, the 0-0 transitions in the absorption and emission spectra rarely coincide exactly, the difference
representing a small loss of energy by interaction of the absorbing molecule with surrounding solvent
molecules. This difference in wavelength is called stokes shift
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Aa and Aem are absorption and emission spectra peaks

ntersity

Max Em. 537nm

| i
/ ! Max Abs. 525nm

wavelength

Example of Stokes Shift
Absorption and emission spectra of acridine orange From the pictures we can see that the difference
between the maxima is rather small : stokes shift =537 — 525 = 12nm
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The absorption of energy to produce the first excited state does not perturb the shape of the molecule
greatly and this means that the distribution of vibrational levels is very similar in both the ground and first
excited states. The energy differences between the bands in the emission spectrum will be similar to those
in the absorption spectrum and frequently the emission spectrum will be approximate to a mirror imageof
the absorption spectrum.
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Example of Mirror Spectra

Absorption and emission spectra of hematoporphyrin There is coincidence of the first peaks of emission
and absorption spectra. The shape of the two spectra are in a good agreement to the mirror-imagerule

Since the emission of fluorescence always takes place from the lowest vibrational level of the first excited
state, the shape of the emission spectrum is always the same, despite changing the wavelength of exciting
light. This is also known as the Kasha rule

550 600 650

|

Example of Emission Spectra Excited by different wavelength

Emission spectra of fluorescein There is coincidence of the maximum and shape of emission spectrum
despite different exciting wavelength. In the second spectrum are shown both the anti-stokes (negative
shift) emission and the stokes emission (positive shift)

The Kasha rule does not always apply and is violated in many simple molecules, an example is the compost
azulenewhich emits fluorescence from transition S2 - SO instead of the usual transition S1 - SO. For details
see the paragraph on the chamomile essential oil.

Fluorescence is also influenced by the structure of the molecule. For example the rigid molecules that
present systems of conjugated double bonds are well suited to the fluorescence : in particular molecules
where there are aromatic structures, in which the resonance phenomenon of the double bonds are
scattered throughout the structurgif excited give rise to m - m * transitions, and thus facilitate the
fluorescence.

NEFNITN

Conjugated double bonds
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Diffraction Grating Spectrometer

Grating

Detail of the micrometric slit and the spectrometer assembled

Spectrometer Design :

Webcam Lens
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Fluorescence Spectrometer

405nm Laser Spectrometer
532nm Laser i

650nm Laser
Wood lamp 370nm

"

Laser w, Cuvette

holder Q & E s ' holder
| : A

Construction scheme with excitation
lasers and cuvette holder

Example offluorescenceof a sample(olive oil) excited with a
violet laserat 405nminside a cuvette
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Fluorescence Excitation Sources

Violet Laser

Power: 20mW

Wavelength: 405nm

Current: <280mA @ 2.9 ~ 3V input
Color: blue violet

Green Laser

Power: 30mW
Wavelength: 532nm
Voltage: 2.9~ 3Vinput
Color: green

RedLaser

Power: 5mW
Wavelength: 650nm
Voltage: 2.9~ 3V input
Color: red

Wood Lamp
Wavelength: 370nm
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Chlorophyll

Chlorophyllis a green pigment found in chloroplasts of algae and plants.
Chlorophyll is an extremely important biomolecule, critical
in photosynthesis, which allows plants to absorb energy from light.
Chlorophyll absorbs light most strongly in the blue portion of
the electromagnetic spectrum, followed by the red portion. Conversely,
it is a poor absorber of green and near-green portions of the spectrum,
hence the green color of chlorophyll-containing tissues.

Measurement of the absorption of light is complicated by the solvent
used to extract it from plant material, which affects the values obtained.
In diethyl ether, chlorophyll A has approximate absorbance maximum of
430 nm and 662 nm, while chlorophyll B has approximate maximum of 453 nm and 642nm.
Chlorophyll A fluoresces at 673 nm (maximum) and 726 nm. The different absorption spectra of Chlorophyll
A and B achieve a better absorption of the sun radiation in order to enhance the efficiency of the
photosynthesis.

The alcoholic chlorophyll solution has been obtained with spinach leaves grinded and macerated in ethanol
95%
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Chlorophyll A

Absorption (transmissionypectrum of chlorophyt solution in 95% ethanol

The green band from 500nm till to 600nm passes without absorption. There are two main absorption
bands, the first one on the red the second one on the blue. Two maxima between 600nm and 700nm
correspond to absorption peaks of chlorophyll A and chlorophyll B. The absorption on the blue band can be
explained with the sum of the absorptions of the two chlorophyll types
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Chlorophyll A
Fluorescence

Chlorophyll A
Fluorescence

800

Chlorophyll A
Fluorescence

652671

| : Chlorophyl fluorescence spectrum excitedith laser emissiorat 405nm

Emission peak at 670nm due to Chlorophyll A with a second peak around 710nm and tail till to 740nm
Il : Fluorescence spectrum excitedth laser emissiorat 532nm

Emission peak at 670nm due to Chlorophyll A

[l : Fluorescence spectrum excitedth laser emissiorat 650nm

Emission peak at 670nm due to Chlorophyll A
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Sodium Fluorescein (Uranine)

Fluoresceins a synthetic organic compound available as a dark orange/red
powder slightly soluble in water and alcohol.
a fluorescent tracer for many applications.
Fluorescein is a fluorophore commonly used in microscopy, in a type of dye

It is widely used as

R laser as the gain medium, in forensics and serology to detect latent blood
| sk stains, and in dye tracing. Fluorescein has an absorption maximum at 494nm
9| andemission maximum of 521nm (in water). The major derivatives are

Na

fluorescein isothiocyanate (FITC). The disodium salt form of fluorescein is

known as uranine or D&C Yellow no. 8. The fluorescence of this molecule is very intense; peak excitation

occurs at 494nm and peak emission at 521nm.

Fluorescein gueous solution absorption spectrum. Second spectrum with detail in the UV band
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Fluorescein gueous solution fluorescence spectryrexcited fromUVradiation and from532nmlaser
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Chlorophills

Carotenoids
Chlorophills

Olive oil absorption (transmission) spectrum
Absorption maxima in the red band at around 660-670nm and in the blue band, less than 500nm. Olive oil
absorption is due to carotenoids and chlorophills

400 450 500 550
Chlorophill A
400 i 450 500 i 550 600 i :
Chlorophill A
I 533
| AR

Olive oil fluorescence spectrum excited by UV emission at 405nmst(8pectrum)and by 532nm laser
(second spectrum
The maximum at 680nm is due to chlorophill A

400 450 500 550 800 850 700 750
|

P -d |3 . -
eroxides ; Chlorophill A Olive oil after

emission heating

Fluorescence spectrum of olive oil subjected to heating (thermal degradati@Xcited by UV emission
The chlorophill fluorescence has been reduced whilst it appeared the signal of the presence of peroxides
due to thermal degradation of fatty acids

Fluorescenza - 14/07/2015- Pag. 11

h A



ProtoPorphyrin (Egg Shell)

Protoporphyrinsare tetrapyrroles containing the following side chains:

T methyl (4)
9 propionic acid (2)
T vinyl (2)

Protoporphyrin IXis a biochemically widely used carrier molecule for divalent
cations. Together with iron (Fe 2+) the body of theheme- group
of hemoglobin, myoglobinand many other heme-containing enzymes like
cytochrome c and catalase are formed. Complexed with magnesium-ions (Mg 2+)
the main part of the Chlorophylls are formed. Complexed with zinc-ions (Zn 2+) it forms Zinc
protoporphyrin. Protoporphyrin IX as a direct precursor of heme is accumulated by patients
of erythropoietic protoporphyria, which is one of the genetic disorders of the biosynthesis of the heme -
pathway. It causes a severe photosensivity against visible light.

The sensitivity of protoporphyrin IX against light is also used as a therapy against different forms of cancer
(photodynamic therapy, PDT).

Protoporphyrins are deposited in the shells of the eggs of some birds as a brown or red pigment, either as a
ground colour or as spotting. Protoporphyrins strengthen the egg shell, and are deposited where the shell
is too thin as a result of calcium shortage. Spotting therefore tend to be heavier where the local soil is
calcium-deficient, and in the eggs laid last in a clutch.

The solution of protoporphyrin analyzed was derived from the dissolution of egg shell fragments in
hydrochloric acid.

Protoporphyrin absorption spectrum

400 500 600 700 800 900

Protoporphyrin fluorescence spectrum excited by UV emission
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Fluorescence band at 605nm
Fluorescence band at 662nm
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Riboflavin (Vitamin B2) and Pyridoxine (Vitamin B6)

o Riboflavin(vitamin B2) is part of thevitamin Bgroup. It is the central

HC ﬁ\m component of the cofactors FAD and FMN and as such required for a variety
H30:©:: N )%0 of flavoprotein enzyme reactions including activation of other vitamins.

HO._CH, Riboflavin is a yellow-orange solid substance with poor solubility in water. It is

Hog” best known visually as it imparts the color to vitamin supplements and the

- yellow color to the urine of persons taking it. It shows a strong green

fluorescence The name ‘'riboflavin" comes from "ribose" (the sugar
whose reduced form, ribitol, forms part of its structure) and "flavin", the ring-moiety which imparts the
yellow color to the oxidized molecule (from Latin flavus, "yellow").

Pyridoxineis one form of vitamin B6. Its hydrochloride salt pyridoxine hydrochloride is used as vitamin
B6 dietary supplement.

Excitation

Pyridoxine

409 242 4 (533] =

Fluorescence spectrum of a multivitamin compound with group B vitamines exciigd)Vemission

Pyranine

600 650 700 750 800

[507]

Pyranine fluorescence spectrum excite from UV emission

O Na Pyranineis a hydrophilic, pH-sensitive fluorescent dye from the group of
O““*'iﬁo chemicals known as arylsulfonates. Pyranine is soluble in water and has
applications as a coloring agent, biological stain, optical detecting reagent,

‘ "na' | and a pH indicator. One example would be the measurement of intracellular
QC ﬁﬁo pH. Pyranine is also found in vyellow highlighters, giving them their
o] characteristic fluorescence and bright yellow-green color. It is also found in
some types of soap.
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Perfume

550 600 650

Fluorescence spectrum of gerfume excited from UV emission
The fluorescence is due to coumarin

Bleaching Detergent
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Fluorescence spectrum of detergent excited by UV emission at 370nm.
The blue fluorescence is due to the content of stilebene

Quinine
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- |
Quininefluorescence spectrum (tonic water) excitddom UV emissiorat 370nm

Quinineis a natural white crystalline alkaloid having antipyretic (fever-reducing),

'| antimalarial, analgesic (painkilling), and anti-inflammatory properties and a bitter

HO "’“lfo’f:/ taste. It is astereoisomer of quinidine, which, unlike quinine, s

\J/ an antiarrhythmic. Quinine contains two major fused-ring systems:

= j the aromatic quinoline and the bicyclic quinuclidine. Quinine is

]/ highly fluorescent (quantum yield ~0.58) in 0.1 M sulfuric acid solution and it is
widely used as a standard for fluorescence quantum yield measurement.
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