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La Spettroscopia di Assorbimento nell’UV-visibile

MOLECOLE CHE ASSORBONO NEL VISIBILE
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La Spettroscopia di Assorbimento nell’UV-visibile
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La Spettroscopia di Assorbimento nell’UV-visibile

orbitali G, TTe N

n
formaldeide
E G* A
=elettrone spin +1/2
*

T — LUMO _ .

(Lowest Unoccupied Molecular Orbital) | =elettrone spin -1/2
n—H- HOMO | |

(Highest Occupied Molecular Orbital) orbitale occupato con due elettroni
TC (Principio di esclusione di Pauli)
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La Spettroscopia di Assorbimento nell’UV-visibile

Possibili transizioni elettroniche

c—0oF Nn—->oc" T—T

In generale la scala di Energia delle transizioni é la seguente:

N>« >nt"<N—>06* o5 t*< 60— o*
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La Spettroscopia di Assorbimento nell’UV-visibile

11 A CER Electronic Transitions Involving n,
o, and © Molecular Orbitals

Wavelength Range
Transition (nm) Examples

6 —o* < 200 C—C C—H
n —o* 160-260 H;0, CH30H, CH:Cl

200-500 C=C, C=0, C=N, C=C
250-600 C=0, C=N, N=N, N=0O le transizioni c—o* hanno

un’energia elevata

*

e nell’UV-visibile sono comuni
} Antibonding T

le transizioni t—mt* e n-n*
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La Spettroscopia di Assorbimento nell’UV-visibile

Molar Extinction Coefficient
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La Spettroscopia di Assorbimento nell’UV-visibile

Molar Extinction Coefficient
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La Spettroscopia di Assorbimento nell’UV-visibile

Regola “generica”: piu e esteso un sistema 7, € piu
bassa e I’energia corrispondente alla transizione n—m*

Energia particella nella scatola!
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La Spettroscopia di Assorbimento nell’UV-visibile

“S” singoletto (S=0)

“molteplicita” di spin = 2S+1
“T” tripletto (S=1)

E|l E _I_ E _1_
e n T

CCS” “S” “T”
stato fondamentale stato eccitato stato eccitato
SINGOLETTO SINGOLETTO TRIPLETTO
S=1(+1/2)+ |[(-1/2)=0 S=1(+1/2)+ [(1/2)=0 S=T(+1/2) + T (+1/2) = 1
2S+1=1 2S +1=1 2S+1=3

l = elettrone spin -1/2 I =elettrone spin +1/2
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La Spettroscopia di Assorbimento nell’UV-visibile

lunghezza d’ondalfrequenza legata alla
differenza energetica (AE) di una transizione

...e I'intensita?

E legata alla probabilita che una transizione avvenga

Intensita
(numero di fotoni)

Intensita
(numero di fotoni)

[

A

maggiore differenza energetica
tra gli stati tra cui avviene
la transizione

o
»

o

minore differenza energetica
tra gli stati tra cui avviene
la transizione

Lunghezza d’onda

Molto difficle da prevedere/calcolare

/'

Intensita
(numero di fotoni)

Intensita
(numero di fotoni)

o

A

Legata a molti fattori

w maggiore

probabilita

A 4

[

maggiore
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A

v
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La Spettroscopia di Assorbimento nell’UV-visibile

REGOLE DI SELEZIONE: ci dicono quali transizioni sono “permesse”
Per I’assorbimento nell’UV-Visibile: AS=0

S,
T,

S
| |
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X-.......}
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La Spettroscopia di Assorbimento nell’UV-visibile

Legge di Beer-Lambert

— OO 1,
I
e
/

Luminosita’ ossemvala

Legage di Lambert-Beer
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Profondifa’

ASSORBANZA

0
A(A) =log ]1 =—logT(A)
1;
]1
TRASMITTANZA T(ﬂ) = ]0
[0
A(A) =log—4 =a(A)lc
1

COEFFICIENTE DI
ESTINZIONE MOLARE

se conosciamo il coeff.di est. mol.
possiamo calcolare la concentrazione

UV-Vis =METODO ANALITICO
QUANTITATIVO



A p p I i Caz i on i “oss:’metro“

LU'esempio dell’ossimetro

vaso
sanguigno

quantita di luce
"assorbita" —» .
dalla wateria sangue con 0ssigeno

sangue senza 0ssigeno

1
I
! ! L/co(om
so oo |70 | sw  uol o (lunghezza d’onda
° = espressa in nm)




La Spettroscopia di Assorbimento nell’UV-visibile

COMPOSTI INORGANICI: complessi METALLI di Transizione

soluzione aq. Cu (Il)
(solfato di Rame )

=

H-0

OH

OH-




|
colore
dipende
dai leganti
del
metallo

_ OHs -2+ = OHo -2+
HQO-...,,_CI nOHp HaN., | LuNH
u + 4NHgzq) =—= SCUL + 4HL0,
HQO/ I \OHQ HZE:[\/ | \NHE;
- HD = - HLO .
blue violet

hexaaquacopper(II) ion tetraamminediaquacopper(Il) ion



Crystal Field Theory




Crystal Field Theory

Negative charges
distributed uniformly
over surface of a sphere

Negative charges
located at vertices
of an octahedron
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Crystal Field Theory
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Crystal Field Theory

turquoise color caused by the
Al(PO,),(OH), - 4H,0 presence of Cu?* ions
coordinated by OH"
and H,0
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assorbimento nei solidi inorganici covalenti

energia
t i
banda di banda di ﬁﬁﬁﬁfi

conduzione conduzione Fo0E R

T CdS

transizione
elettronica
nel visibile




assorbimento nei solidi inorganici covalenti

Samiconductor

Bandgap/ excitation energy (e\)
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A1,0;:Corundum Crystal Structure

Ruby
~1% Cr3* doped Al,O,

'n/ Al or Cr

: Chromium impurities fluoresce
red in rubies
{due to unpaired electrons)

Absorbs yellow-green region
Emits red

Y

Energy / eV
Energy |/ eV

Crystal field strength e

Figure 2.9. The effect of crystal field strength on the splitting of the energy levels of Cr** ions in a lat-
tice. Styled after K. Nassau (1980), Scientific American, October 1980, 134,



quantum dots

CdSe/ZnS Core-Shell
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molecules/
molecular solids
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transizione
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metal nanoparticles

The Lycurgus Cup (British Museum) Stained glass (Chartres cathedral) “Ruby gold” (Faraday Museum)

4t century 12t century 19th
M. Faraday (1791-1869)
Phil. Trans. R. Soc. 147 (1857), 145-181
plasmonics

Electric field
Electron

215t century

absorbance (a.u.)

400 450 500 550 600 650 700
wavelength (nm)

ML Juan et al. Nat. Photon. 5, 349-356 (2011)
Willets and RP Van Duyne Annu. Rev. Phys. Chem 58, 267-97 (2007)



metal nanoparticles

estinzione = assorbimento + diffusione

‘— absorbance - extinction - scattering
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metal nanoparticles

dimensione — massimo di estinzione

585 |

570

/ nm

555 |

spr

<" a0l
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510+ Anal. Chem. 2007, 79, 4215—4221 |

0 20 40 60 80 100 120
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Fluorescenza



hv

AV

E |

emissione di radiazione in
conseguenza di una
transizione elettronica da
uno stato elettronico ad
energia maggiore ad uno ad
energia minore
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molecules/
molecular solids
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S

Fluorescenza (fotoluminescenza) di minerali

non utilizzata per identificazione, ma per localizzazione

otto normale luce "bianca" sotto luce ultravioletta



Ca

uPP ”_B] vl “NV "_Rn

FI ‘l‘.ipp "Lv Uus Uuo
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Calcro
(Ca’™)
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420 nm
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dalla materia

A "He

.- i .,-“

o
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" \-.
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T
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& T T Tl

b [Fm [faa Mo e

“spettro” di emissione

Disprosio
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545 nm
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colore
(lunghezza d'onda

espressa in nm)



metodo
anti-contraffazione

qr _ BCE ECB EZB EKT EKP 2002

JEuge

sotto normale luce "bianca" 7 sotto luce ultravioletta

W

composti di
(uce E(uEro!i;o
ultravioletta 4

(uce emessa
rosso -arancio




Fluorescenza (fotoluminescenza) di minerali

non utilizzata per identificazione, ma per localizzazione

. ?u h Bihatw ¥ J';-#_'tpﬁn_nugﬁf




Piezospettroscopia Al,O,

Al,0;:Corundum Crystal Structure

.~ O atoms

l/ .
\‘ M
\"n ?ﬁl or Cr

Chromium impurities fluoresce
red in rubies
(due to unpaired electrons)

a8 Energy e b
Cr’l* F '_ v ®
m— e
2A e
j R2 ~ 14430 cm ! o
2E E ¢ 0 RI-paovem!| 2
- el
4A2 b ﬁrr-uu-lld Siate ] |
(framico Wavenumber (cm™)
Viewing 1 To Spectral
Screen —b:‘ Analyzer
r
~ 1.2
= TGO { Reference Alumina
L 7 11 ARy (Stress-Free)
g &
J\\\. E 0.8 4
Laser Beam I‘,R2
T 0.6 1 =y
- l.
‘E 0.4
E
s ]
z 0.2
Microscopic 0
Objective :
14300 14350 14400 14450 14500
hv=241 & '1’:\.= 1786V Wavenumber (cm?)
[z e[
= _ 2
Sample Bond Coat TCO AVstress = g H”UO
Superalloy
(a) (b)

Fig. 1 (a) Schematic illustration of the photostimulated luminescence piezospectros-
copy technique, and (b) typical R,/R, fluorescence spectra for chromium-containing
stress-free and stressed a-Al,0,




molecules/
molecular solids
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Fluorescenza quantum dots

Increasing Quantum Dot Size

ccc0 OO

NN /\

II Ill I I. III

III IIII .I III

[ A A I.I 1| utilizzata, insieme con

M\ /) / “\\ I’assorbimento UV-vis, per

VARV, \ misurare le dimensioni
Ca XX

Q00 450 Lt 1] S50 L] G50 TO0 T50
wavelength {nm])



molecules/ non-molecular solids transition metals
molecular solids (semiconductors) ions

banda di
conduzione




Interazione tra Radiazione e Materia (diagramma di Jablonski)

E
S,
Internal
=_- Conversion
Sz — (1€011-10°s
//
Vibrational
Relaxation Inter-System
Crossing
— (I1S1)7 - 10°s
S ; F - e
AN

Diffusione
1015s
“y

Assorbimento

101

Fluorescenza Fosforescenza
1010-107s 10%-1s

#

#

COMPETIZIONE
TRA DIVERSI
PROCESSI

transizioni con
assorbimento di radiazione

transizioni radiative
(con emissione di radiazione)

transizioni non radiative
(senza emissione di radiazione)



Caratteristiche della Fluorescenza
L’ emissione di fluorescenza e

Lo STOKES SHIFT é la differenza 2 indipendente dalla lunghezza
1 tra il massimo dell’assorbimento d’onda utilizzata per I'eccitazione
e della fluorescenza

L’ emissione di fluorescenza ricorda
3 specularmente lo spettro di
assorbimento
(MIRROR IMAGE RULE)

? Stokes SHIFT
S, —_
SO—)S1 814’80
\ 4 4

81 g SO_)SZ
LU
?
Q
) N

Sy d

Absorption Emission 4



Caratteristiche della Fluorescenza

S. S <+<—>  Stokes SHIFT
0 2 0-1 0-1
0-0
Sp—3S; : S-S,
|
|
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L 1 1
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1 1 1 I 1 A
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Franck-Condon

oscillatore
Armonico

> X



Franck-Condon

probabilita di trovare
il secondo nucleo

A2

@9
n@n@

> X

> X



Franck-Condon
(gli elettroni sono piu veloci dei nuclei)

f

> X



Caratteristiche della Fluorescenza

“ALLARGAMENTO” OOO

DI BANDA

ANTRACENE 0 TRIPTOFANO

intensita (numero di fotoni)

T T T T T T T 1 T T T T T T T T T T
350 400 450 500 550 250 300 350 400 450 500

lunghezza d'onda/energial/frequenza

ALLARGAMENTO “OMOGENEO”

Dovuto al fatto che ci sono
sotto-livelli vibrazionali




Caratteristiche della Fluorescenza

EFFETTI FATTORI AMBIENTALI

ALLARGAMENTO DI BANDA “IN-OMOGENEQ” _ DOVUTO ALLE FLUTTUAZIONI DEL
SOVENTE ATTORNO AL FLUOROFORO

Molecola
fluorescente

-
-
—_—, —————




Caratteristiche della Fluorescenza

SPETTRI DI EMISSIONE ED ECCITAZIONE

A :
I PN /\/\/y I campione
M Eaaali e =3

Spettro di eccitazione:
Si varia la lunghezza d’orda incidente (A)

Intensity E siregistra la fluorescenza emessa
ad una determinata lunghezza d’onda
100 - Exottation Emissico (si mantiene fisso B)
Spettro di emissione: %
Si mantiene fissa la lunghezza d’orda incidente (A)
E si registra la fluorescenza emessa e e—

50 - a diverse lunghezze d’onda (facendo variare B)

Wavelength
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Caratteristiche della Fluorescenza

Lifetime e Quantum Yield

S

s 18
knr - kic +kisc

competizione tra diversi processi

kS
RESA QUANTICA (D _ r
(quantum yield) - kS kS
r + nr

_ 1.5
_kr z-S

efficienza processo radiativo

D — photons emitted

photons absorbed

T

numero molecole A

/ nello stato eccitato

_ d[lA*] — (krS + k}fr)[lA*- fluorescence
dt ] , lifetime
Y
=[] exp[_TL s
S r nr
A k—rS>A + photon
i ()= k[ |- [ exp[—ij
Tg
4
I.(t)=1, eXPL_ T_j
/‘ S

fluorescence
intensity



Caratteristiche della Fluorescenza

1
I

v
[
v
[

t, COME S| MISURA?
lifetime pitt TIME-RESOLVED SPECTROSCOPY
grande
| \ / IF(Z‘):]O exp(_Lj
| _T\\\ / Ts
t — > {1 fluorescence
lifetime pit intensity

piccola



Caratteristiche della Fluorescenza

Lifetime e Quantum Yield

108
0% +
lifetime
109 -
§
1 o
Io/e - ¥
10° =
10
4
L
|:| -
@ 2
‘ i ] LJ
il 40 &0
Time (nanoseconds)
t
(2
fluorescence

intensity

Table 2.  Fluorescence Lifetimes of Some Dyes and Biological

Materials Commonly Used in LSM

Compound

Fluorescence lifetime

Acridine orange
Eosin B

Ethidium bromide
FITC-BSA

Green fluorescent protein
Indocyanine green
NADH
Rhodamine 6G
Rhodamine B
Rose bengal
Tryptophan
Elastin

Collagen

9.2 ns*
6.3 ns*
1.7 ns®
0.5 ns*
3 ns!
0.6 ns*
1.7 ns'
3.9 ns*
3.2 ns"
5.8 ns"
2.5-3.7 nsk
2.3 nsh

5.3 ns"




Caratteristiche della Fluorescenza

Lifetime e Quantum Yield

kisc
DT
E T, Steady-state fluorescence (stato stazionario)
v
kA& ke | P 1 ko
k! k. A+hv—>'A4
A 4 V A 4
1 *
kS =kS+k,_ dla]_ 0=k,a N, —(k*+k5)['47]

dt /4
amount of absorbed photons

per unit volume

s — [0 () intensity of
incident light

[IA* ] = kSO:_];{S

r nr



Caratteristiche della Fluorescenza

FATTORI CHE
INFLUENZANO
LA FLUORESCENZA

pH

AMBIENTALI

Solvente
(polarita,
viscosita)

Presenza
Ossigeno

Rigidita strutturale

Temperatura



Caratteristiche della Fluorescenza

EFFETTI FATTORI INTRINSECI

ESEMPIO RIGIDITA’

Quantum Yield 0.2 Quantum Yield 0.9
bifenile fluorene
C
. H,
meno rigido
piu rigido

Piu flessibilita = piu stati energetici
accessibili alla molecola
= piu modi per “smaltire”
energia con conversione
interna

N

Resa quantica piu alta su superfici



Caratteristiche della Fluorescenza

Fluorophore-Solvent Excited State Interactions

Franck-Condon
Excited State

0Q 0=

Excited State

Fluorophore

and Solvent
Dipoles Unaligned

0{)o:

Solvent Dipoles
Aligned with

Vibrational
Re!a:atmn

S (10"

Solvent Mnments
Re!axatmn Re-Aligned
{w Sec} Q
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EFFETTI FATTORI AMBIENTALI

EFFETTO SOLVENTE
(SOLVENT RELAXATION)

NELLO STATO ECCITATO
LA MOLECOLA é DIVERSA
RISPETTO ALLO STATO FONDAMENTALE

IL SOLVENTE SI ADATTA ALLA
NUOVA SITUAZIONE, S| ABBASSA
L’ENERGIA COMPLESSIVA
(FLUOROFORO+SOLVENTE)
DELLO STATO ECCITATO

L'EFFETTO CAMBIA DA
SOLVENTE A SOLVENTE
(AD ESEMPIO CON LA POLARITA’)



Caratteristiche della Fluorescenza

EFFETTI FATTORI AMBIENTALI
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Caratteristiche della Fluorescenza

EFFETTI FATTORI AMBIENTALI

QUENCHING:
Diminuzione della intensita di Fluorescenza

trasferimento E ad una
molecola non fluorescente
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Caratteristiche della Fluorescenza

EFFETTI FATTORI AMBIENTALI

QUENCHING:
Diminuzione della intensita di Fluorescenza

A*+Q — AQ* — AQ + calore A*+Q — AQ* —» A+Q* — A+Q +calore
STATICA COLLISIONALE
(DINAMICA)

Q (Ossigeno,

ha meccanismi di «— Q Alogeni, )
. conversione interna . Q  hanno meccanismi di
molto effficienti conversione interna

molto efficienti

Si forma un
complesso stabile
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Caratteristiche della Fluorescenza

QUENCHING COLLISIONALE
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Caratteristiche della Fluorescenza

QUENCHING COLLISIONALE

Equazione di STERN-VOLMER

Intensita IOII =1+ kT [Q]

Fluorescenza \
In assenza di Q Concentrazione

Lifeti Quencher
Intensita q Ite '?‘e
Fluorescenza uorororo
In presenza di Q kt = KSV
1.6 (costante di Stern Volmer)
TaBLE |
= Quenching by iodide
oy
Kgy (M)
Trp (solution) 8.1*+04
OVA 0.33 = 0.02
BSA,® 26 = 0.6
E - 4.7 + 0.3
BSA 21 +02
0 20 40 60 ? Kz determined at low ionic strength.

K, determined at ionic strength = 2 m.

[T] (mM)

Fiz, 2, Stern-Volmer plots for the quenching by iodide of
tryptophan in solution (@), OVA (¥), and BSA at low ionic
strength (l) and BSA at ionic strength = 2 m ((J).
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Fluorofori Estriseci
(fluorescent Dyes/Labels/Probes)
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Caratteristiche della Fluorescenza

FLUOROFORI SINTENTICI
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polarizzazione della luce
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Caratteristiche della Fluorescenza

| fluorofori assorbono (ed emettono ) preferenzialmente
la luce polarizzata parallelamente alla direzione
del momento di dipolo (transition dipole moment)

excitation fluorescence
(polarized) (polarized)

ANISOTROPIA

shon
lifetime

moto di
rotazmne

excitation fluorescence
(polarized) (polarized)
AI’V* 4} — y

lifetime /




Caratteristiche della Fluorescenza ANISOTROPIA
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Caratteristiche della Fluorescenza

Measuring Fluorescence Anisotropy

Analyzer
Arc-Discharge
Pfgpp?é}gﬁfz'gfr lliuminator . _Linear

Polarizer

Analyzer,
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Excitation
Light from
llluminator
Analyzer Parallel Fluorescence
to Polarizer Microscope Figure 9
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anisotropy I =

ECCITAZIONE

Polarization of Light Waves

Polarizer 2
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Polarizer 1
(Vertical)
‘\

Incident Beam
(Unpolarized)

Vertically
Polarized
Light Wave

Polarizzazione ed anisotropia esprimono entrambe

lo stesso fenomeno

e possono essere facilmente interconvertite

:> I <I—L>

Il Emissione
perpendicolare

Piano di polarizzazione Emissione
Luce incidente parallela
EMISSIONE



Caratteristiche della Fluorescenza

Relazione
€ 3 / ANISOTROPIA — MOBILITA’ ROTAZIONALE

(Perrin equation)

: et fluorescence
anisotropia “limite lifetime
(in assenza di rotazione) ~\
I’O RTr </
— =1+
\/ I UV\
viscosita volume
tempo di 77V _ ¢ molecolare
correlazione

rotazionale RT o



Caratteristiche della Fluorescenza

Relazione
€ a '/ ANISOTROPIA — MOBILITA’ ROTAZIONALE

Tempi di rotazione caratteristici per piccoli Tempi di rotazione caratteristici per
Fluorofori in soluzione macromolecole (es. proteine) in soluzione
50-100 ps 10-50 ns
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Fluorescenza: applicazioni anisotropia

L'associazione di un fluoroforo ad una molecola piu grande
aumenta il tempo medio di rotazione e
conseguentemente la polarizzazione/anisotropia

Piano di polarizzazione
Della fluorescenza

Fluoroforo libero
> / in soluzione

Fluoroforo legato
ad una macromolecola

» tempo



Fluorescenza: applicazioni

Forster Resonance Energy Transfer - FRET
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Fluorescenza: applicazioni

Forster Resonance Energy Transfer - FRET

eccitazione D
A D+ hv — D*

D <10nm< )

~

<10nm
D _‘ : ’

resonance energy
transfer

D*+A— D +A*

emissione A
A* — A+ hv

relazione efficienza FRET (E) — distanza (r)

E Ry’

1.0 T ey
[ R,° + ro
w
g
o .\'2¢ J
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5 N n'

B |
2 I
=

® I
= 00 |

......

Donor—acceptor distance r

Figure 1. Distance dependence of the Forster resonance energy transfer effi-
ciency between a suitable pair of chromophores, calculated according to
Equation (1). The characteristic Forster distance R, is calculated from the ori-
entational factor «?, the donor quantum yield ¢, the overlap integral J, and
the refractive index of the medium n.



Fluorescenza: applicazioni

relazione efficienza FRET (E) — distanza (r)

—
o

FATTORI CHE
INFLUENZANO
LA FRET

Transfer efficiency E —
o
o
1

o
o
Abs/Ems

Donor—acceptor distance r

Figure 1. Distance dependence of the Forster resonance energy transfer effi-
ciency between a suitable pair of chromophores, calculated according to

Equation (1). The characteristic Forster distance R, is calculated from the ori-
entational factor x? the donor quantum yield ¢, the overlap integral J, and .
the refractive index of the medium n. overlap integral J

orientational factor K

i

FRET piu efficiente FRET meno efficiente
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Fluorescenza: applicazioni

ENERGY TRANSFER: A SPECTROSCOPIC RULER*

By LuBeRT STRYER AND RicHARD P. HAuGLANDT

DEPARTMENT OF BIOCHEMISTRY, STANFORD UNIVERSITY SCHOOL OF MEDICINE, PALO ALTO,

\

(A

AND THE DEPARTMENT OF CHEMISTRY, STANFORD UNIVERSITY

Communicaled by Arthur Kornberg, May 29, 1967

PNAS 1967:58:719-726
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) and the energy acceptor (dansyl-I-
) in ethanol; (b) emission spectrum of the energy



Fluorescenza: applicazioni

Conferma (validazione) della teoria:

m ] - - - - .
_ misurando l'efficienza della FRET si puo
s {1 risalire alla distanza (“metro” spettroscopico)
g .4
L |
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a . . . K
F2| sperimentali B A= Ry = —2
0 -
5 !
ol t 4111 B :
10 20 30 40 50 < k
Distance (Angstroms) 5‘;’ 00k
[l S WU U WP W T S W S
Fi1a. 4.—Efficiency of energf' transfer as a Ro
function of distance in dansyl-(L-prolyl)s-a- Donor—acceptor distance r

naphthyl, n = 1 to 12. The a-naphthyl and

dansyl groups were separated by defined dis-

tances ranging from 12 to 46 A., The energy

transfer is 509, efficient at 34.6 A. The sohd

gne corresponds to an r~¢ distance depen-
ence.




Fluorescenza: applicazioni .
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APPLICAZIONI FRET: VASTISSIME
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Forster Resonance Energy Transfer between Quantum Dot
Donors and Quantum Dot Acceptors

Kenny F. Chou ! and Allison M. Dennis **
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Sensors 2015, 15, 13288-13325; doi:10.3390/s150613288
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Fluorescenza: applicazioni

“Chemical” (optical) Microscopy / Imaging

i.e. spatial representation (p2p mapping, wf imaging)
of chemical information

Raman, IR...
Fluorescence ’
Multiphoton
) Fluorescence
Conventional Microscopy
Fluorescence
Microscopy
FRET Confocal
Microscopy Fluorescence
Microscopy

FLIM
Microscopy



Microscopia a (di) fluorescenza

primary antibody spcondary antibodies
rabbit antibody marker-coupled antibodies
directed against directed against rabbit
antigen A antibodies

immobilized

| rd N 7 [ ¥
RN S

3 cuts out
unwanted fluorescent signals,
passing the specific green
fluorescein emission between
520 and 560 nm

P, reflects
light below 510 nm but
transmits light above 510 nm

objective lens

K. B
1! —
eyeplece
LIGHT |
SOURCE I.
1 lets through
only blue light with a wavelength -
between 450 and 490 nm A TN

object



Microscopia CONFOCALE

Confocal and Widefield Fluorescence Microscopy

(b) (c)



Microscopia CONFOCALE
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Macromolecules 2001, 34, 5186—5191
Observation of Fine Structure in Bicontinuous Phase-Separated
Domains of a Polymer Blend by Laser Scanning Confocal Microscopy

Hiroshi Jinnai,*'* Hiroshi Yoshida,'¥ Kohtaro Kimishima," Yoshinori Funaki,'
Yoshitsugu Hirokawa,'* Alexander E. Ribbe,"® and Takeji Hashimoto*'~

(a) (b) (c)

50um

Reflection LSCM image Fluorescence LSCM image Superposition of (a) and (b)

(a) (b) ()

100 um

Reflection LSCM image Fluorescence LSCM image Superposition of {(a) and (b)



Fluorescenza: applicazioni

2 Photons Excitation Fluorescence (2PEF) microscopy

Si usano due fotoni invece di uno

One photon excitation Two photon excitation
Excited State Excited State
g, = s,
= S B -
=
o
S m 3 m
o wn
2 : - 5
< = g -
IS
o
So So
ﬁ

Ground State Ground State



Fluorescenza: applicazioni

Advanced Drug Delivery Reviews 58 (2006) 788 - 808

Alta densita
di fotoni (2PEF possibile)

bassa densita
di fotoni (2PEF non possibile)

Fig. 3. An experiment to illustrate the difference between ordinary
(single-photon) excitation of fluorescence and two-photon excita-
tion. The cuvette contains a solution of the dye safranin O, which
normally enits yellow light when excited by green. The upper lens
focuses green (543 nm) light from a continuous-wave (CW) helium-
neon laser into the cuvette and produces the expected conical pattern
of excitation, fading to the left due the self-absorption in the
concentrated dye solution. The lower objective lens focuses a pulsed
infrared (1046 nm) beam from a neodymium-YLF laser One
infrared photon alone is not sufficiently energetic to excite
fluorescence, so that two photons need to team up and join their
energies. Two-photon fluorescence excitation is proportional to the
intensity squared, confining fluorescence generation to a small spot
in the focal plane where the density of photons is high. This focal
volume (arrowed) can be raster-scanned to anywhere in the cuvette
thereby creating a point-wise, sequential 3-D representation of
fluorescence intensity. (Image credit: Brad Amos/Science Photo
Library, London).



CONFOCALITA’ ottenuta senza pinhole (intrinseca)




WF Confocal 2 photon

/s

debh

10 um

Fluorescent pollen grain was imaged at three depths below its surface (7,
16, and 26 pm) by widefield, confocal and 2 photon technique.
(http://candle.am/microscopy/)
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Fluorescence Lifetime Imaging (FLIM)

o

(a)

lifetimeT

Fig. 7 (a) Wide-field fluorescence image and (b) wide-field FLIM |—_

I Lifetime
piu grande
— Ne—
> t
A Differenze Lifetime
I Usate per discriminare

Intorno chimico

Lifetime IMAGING
piu piccolo

image of unstained section of rabbit artery with atherosclerotic plaque.

Photochem. Photobiol. Sci., 2004,3, 795-801
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limite di diffrazione
(criterio di Abbe)

i I e D5 SENE SEC)

Ernst Abbe (1840-1905)



limite di diffrazione
(criterio di Abbe)

Intensity profile of a single fluorophore
emitting light onto a CCD camera; this is
known as the Airy pattern.

The fluorophore is at the center of the image,
and can be considered a point source.

This profile is a result of the wave nature of
light as the photons from the fluorescent
protein diffract (scatter) off of the aperture of
the objective and interfere with each other.

Thus, a point source (the fluorescent
protein) is no longer viewed as a point
source, but rather as a diffuse, delocalized
intensity pattern.

444 nm



Microscopia CONFOCALE
Problema risoluzione spaziale:

Figure 3
Airy Discs

©®®

(a)

(c)

Intensity Distributions

R=1/2NA
(NA =n sin 0)



0.5 A 0.5 A
NA  nsin(f)

ABBE'S DIFFRACTION LIMIT (0.2 pm]

ant hair mammalian cell bacterium  mitochondrion pratein small molecule

Figure 1. At the end of the 19th century, Ernst Abbe defined the Limit for optical microscope resolution te roughly half the wavelength
of light, about 0.2 micrometre. This meant that scientists could distinguish whole cells, as well as some parts af the cell called
organelles, However, they would never be able to discern something as small 25 a normal-sized virus or single proteins.



The Nobel Prize in Chemistry 2014
Eric Betzig, Stefan W. Hell,
William E. Moerner

Stefan Hell "for the development of super-
resolved fluorescence
Max Planck Institute for microscopy”
Biophysical Chemistry,
Géttingen, MICROSCOPIA STED

(Stimulated Emission Depletion)



STIMULATED EMISSION

excited system
(e.g. molecule) 2 photons

1 photon ouT
) )

ground state system
(not excited)



Non radiactive relaxation (~picoseconds)
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The key issue is that we can precisely control
the wavelength of stimulated emission output,
which can be significantly different from the
typical wavelength of fluorescence.



stimulated emission is
NOT observed (depleted)
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MICROSCOPIA STED

(Stimulated Emission Depletion)
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Excitation beam Depletion beam Overlay
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Figure 2

The principle of STED microscopy

Regular optical
microscope

Exciting laser
beam

>

In a regular optical microscope,
the contours of a mitochendrion
can be distinguished, but the
resolution can never get better
than 0.2 micrometres.

Exciting laser ——

beam

STED microscope ‘

Quenching laser
beam

‘I In a STED microscope, an

annular laser beam quenches
all flucrescence except that in
a nanometre-sized volume.

The final image gets a
resolution that is much
better than 0.2
micrometre.

The laser beamns scan over the
sample. Since scientists know
exactly where the beam hits the
sample, they can use that informa-
tion to render the image at a much
higher resolution.



Confocal

Fluorophore-labeled keratin filaments
in a living cell, bar =1 micron
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Super-resolution Imaging

Super-resolution Fluorescence Imaging for
Materials Science

Dominik Well* and Cristina Flors* Small Methods 2007, 1, 1700191

Tum Tum
— m—

Figure 4. SEM, confocal microscopy and STED microscopy images of electrospun nanofibers labeled with fluorescent nanoparticles. Reproduced with
permission.15% Copyright 2011, American Chemical Society.

Figure 6. Super-resolution imaging of graphene by “FQM + STED". A) Diffraction-limited FQM image. B) With an additional 532 nm donut-shaped
depletion beam, super-resolution imaging of graphene is obtained. C) AFM image of the same region. Reproduced with permission.®% Copyright 2012,
American Chemical Society.



