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Emission of light from excited electronic states

o Absorption of a photon occurs in ~ 10" s or a

femtosecond
e Emission occurs in ~10"°-107 s, or a picosecond

to a nanosecond

Relationship between absorption and emission

Consider the following hypothetical situation
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A,, = coefficient of spontaneous emission
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Light of radiation density I(v) induces transition from

S,®S,, and from S,®Sy,at a rate of B,, (= B,, ) per



molecule per sec.

Einstein derived A,, in terms of B., using the
principle of detailed balance.
Suppose states b, a are at thermal equilibrium. Then
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If system is at thermal equilibrium, it must be at
thermal equilibrium with blackbody radiation as well.
That is, blackbody radiation induces a—>b, b—>a
transition at such a rate that it compensates for
spontaneous emission; i.e., the rate of emission and
absorption of radiation density must be equal.
Thus, we must have
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Note v° dependence as well as direct proportionality
with D,,.  Thus,

e Ay, =0 ifDy=0
and

e Spontaneous emission important for
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transitions in_the visible, uv, x-ray, y-ray

regions.

Finally, because D,;, and Vap €an usually be obtained
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from the absorption spectrum, the rate of

spontaneous emission can be determined without



performing an emission experiment.
Of course, in the absence of radiation or any other
perturbations or interactions, the rate of deexcitation

of molecules initially in state S; will be
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This leads to the definition of the radiative Iifetirﬁe of
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Real molecules

The above analysis assumes so far that the same
electronic state that absorbed the radiation is
subsequently emitting it. This is not always the case.
In real molecules, the problem is more complicated.
To begin with, the excited state can lose its energy

through many other processes besides direct emission



of a photon, so that the actual observed lifetime of an
excited singlet state is rarely as long as the radiative

lifetime Tg.

For real molecules, there are many pathways for

production and re-excitation of an excited state.

)
SZ S A é‘”@i
W A
»Ps .]'”3\ A
vibrational gv\’ ?45?0\7
relaxation
G \Q\LT 2 , f
g\ Sy R Tri Vlﬁ* Q%«TG
sto‘\fe ) nternal Tl
Absorption Fluorescence .z )
conversion £ig/
fs kF 7 \5
~ phosphorescence
, vibrational
z ' .
SO TR 3 5 relaxation
vibrational
relaxation

kr = intrinsic rate constant for fluorescence
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kic= rate constant for internal conversion M

non-radiative processes < ki = rate constant for Intersystem crossing

radiative process

..\‘\.——v—'—‘
ﬁ{\g\é rate constant for various deactivation processes
induced by quenchers of various types
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Fluorescence

Define 1y = observed fluorescence decay time
= (kp + ki + ki + kg [Q])!

[51 (H]= S, (O>€_WF measure of how

fluorescence intensity decays
Why?
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quantum yield fluorescence decay

O = fluorescence quantum yield = fraction
M \

of molecules deexcited through fluorescence =

kyllkg + ki + kg + kq[Q]] =

DI



Internal conversion

Excitation energy in S, lost by collision with solvent
or dissipation through internal vibrations (ps) or

sub-nanosecond; k. increases with T, .. @&

decreases with increasing T

Quenching

Deexcitation arising from collisions or complexation

with solute molecules Q capable of quenching excited

state

S, + Q —> S, + Q

For aromatic chromophores, tg = 10f9 — 100x107 sec.
Therefore quenching processes need to be quite
effective to compete.

Common quenchers: 0O, I, Cs" deexcite ‘

essentially every collision, so process is diffusion



controlled.

10"[Q]=10""s" if [Q] is millimolar!

Intersystem crossing

Crossing over from excited singlet into excited triplet

manifold.

Spectroscopy: Emission / Excitation Spectum
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Solvent shift due to
different orientation of
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1 & 1’ do not generally overlap

Excitation spectrum: vary M1, fix M2

Fluoresence spectrum: vary M2, fix M1 -
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Steady state vs Time-resolved measurements

s = o Tr (fluorescence decay time)
<l excite with ns to ps pulse
plus T plus Tg
Applications

Fluorescence Ay, and ¢ sensitive to environment of chromophore

Relatively long time that molecule spends in excited
state before deexcitation: 10-100 ps to 100 ns
compared to absorption: ~ 107" sec
e fluorescence is a most effective technique for
following binding of ligands, conformational

changes, protonation/deprotonation




e some fluorescent molecules in aqueous solvent
or — 05 i.e., fluorescence is strongly quenched;
in nonpolar environment, there is enhance-

ment of the fluorescence by a factor of 20!

Examples

Ethidium bromide

. . v
¢r~ 0 in aqueous solution  (weak) o
fluorescence is enhanced when bound to nucleic acids

(intense) : g~ 1, 1p=26.5 ns

e

Dye ANS OO

O- anilinonaphthalene sulfonate

NH
=

¢~ 0 in aqueous solution . |

Fluorescence is enhanced when bound to hydrophobic

regions of proteins; and membranes

Amax= 454 nm, gp~ 0.98, tr= 16 ns



Fluorecein isothiocyanate (FITC) covalent

attachment to lysine

Trvtophan

Amax 320 nm hydrophobic

340 nm aqueous (polar)

Fluorescence spectroscopy can be used to ascertain
accessibility of fluorescent chromophore to collisional

quenching by solute molecules

absence of quencher -1
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In presence of quencher



where 7, = fluorescence decay time in absence of

quencher
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