Quenching of Excited States
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Quenching of Excited States: Introduction \

: Oxygen, Metals (Heavy, transition metals),
solvents
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Quenching of Excited States: Excimer & Exciplex
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Two identical molecules: Two different molecules:
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a) Unbound state : AE; =0
b) Bound state : AE; = —(AE+AE’)

Temperature dependence of emission2 2 AE; £= AHE |4t
AE ~ 40 KJ/mole (10 kcal/mol) AS ~ 80 JK-1 (20 cal K1) for
strongly bound rigid structure molecules
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e Excimer formation — fl. Decay curve

. Excimer formation
= rate ~ K g
-
(D)
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L P(t)
0O 5 100 150 200 (ns)

Pyrene(5 X10-3 M) in cyclohexane.
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Quenching of Excited States: Excimer & Exciplex

hv (254nm)
- (CHy)3
hv (> 284nm) ‘
low temp
(n=4)3.73A 0l =&0|
Alkyl benzene 2| naphthanlene 2| .
absorption spec. Excimer fl £ &!.

Excimer fl 2.




Quenching of Excited States: Excimer & Exciplex

Flgura 5.33
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spectrumO| B &tCt.

Exciplex formation normally invelves charge-transfer interactions.
Emission can be detected in non-polar media but usually not in

polar solvents.

Exciplex= dipolar st &AM =Z0 S0H2 =40| SItotH red shift

StCt. Excimer = 0 dipole momentO| Ct.




e Exciplex formation f/b electron transfer @
N

H

(D*A) (D+A' )*
exciplex CT exciplex Eg. Indole + TCNE

Exciplex formation — Donor excited
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e Exciplex formation f/b electron transfer

Exciplex formation — acceptor excited
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« 04 Triplet — Triplet annihilation
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Quenching of Excited States: Kinetics

M+hyr—sM™ —* sM +hv

L}M

Ko[Q] s M +Q

ko -2 2 & < diffusion controlled rate O Ct.
10° ~10" L'mol -sec™ (2 OH 0l [T 2} CHS)




Quenching of Excited States: Kinetics

e The Perrin model assumes:

 (a) The donor and acceptor In
space during the lifetime of D*.

 (b) There exists avolume in space - or more precisely
a' - about D* whose radius is R and if a
guencher molecule is within this quenching sphere, then D* is
deactivated with unit efficiency.

 (c)If aquencher molecule is outside of the quenching sphere, it
does not quench D* at all.




Quenching of Excited States: Kinetics
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Quenching of Excited States: Kinetics

encounter complex or exciplex

Kar [M1[Q] =k, [M"----Q]+k[M ™ ----Q]

= (ky +ke)[M™---Q]
k_, + K. : quenching rate const. within the complex




Quenching of Excited States: Kinetics

1k <<ke: kg =K

rate of quenching solvent2| & 8F0| 3 Ch
=k.[M"----Q] (M +Q_”M"----Q:rds)
k .
_ giff [I\/I “1[0] 2. k, >> k. :weak qL_Jench_er
k_l Independent of sol. viscosity
kC kdiff
k_, + K¢

= =k.-K

Ko (Observed) =

1
..Q>M+Q:rds)
3.k, ~ ke ko Skyy BOHE

AHC




Quenching of Excited States: diffusion and viscosity

« 1,2,3 2% k2t 2tH It ALY
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e Quenching Processes and Quenching Mechanisms

Photochemical Quenching
Products
04l : cis—trans isomel{/i
e M= self-quenching

Physical Quenching

Impurity quenching

e— tran%f,er energy transfer heavy atom
quenching

(20| L. a5 B S0

gt
=

)]
ull

o Jts)

M
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 Electron Transfer

H-abstrac
tion

Ox—Red & C}
S; __/_.
So = Et;N

=> e—transfer0l 26+

Hohol MATINH =24 =

20| MAEH, S04
st AL,
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 Electron Transfer

Polar solventsOlAl 40| & & C}.

Polar solventsOllAl= 2tA ST D] THZ 0 = A
S| A LI2HCE.
Non—polar solventOl| Al = exciplex3 EHE Y Ot
US 2 &L},

Solvent PolarityE SJtAIZ| 3.

Exciplex fl. 22 (charged species & &&= Cl.)
Fl. Lifetime &2

FI. Lifetimel 22 =0 fl. Intensity 222 =& 2BCF HCH. Why?
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e Electron Transfer
e FI. Lifetime2 &2 Z0] fl. Intensity 24 = 20 HCH. Why?

Encounter
complex

Solvated
lon Pair

FI. Lifetime: exciplex0ll Al kg, ks process& 24
Fl. Intensity: kg, kg process2 & 4 + encounter complex il A
=

ion pair)t Al Jt= process ItAl UL

Solvent polarityT -> kg T
Ke * iIndependent
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’ Quenching of Excited States: Quenching Process and Mechanism \

e FIl. Lifetime2 22 =0 fl. Intensity 22 = 20 B CF. Why?

Encounter
complex

lon Pair

1

exciplex lifetime =7 =

Ke +Kg +Kg

Quantum Yields = @
probability of K.

_— X _—
exciplex formation™ k. + Kk, +Kkg
kC

S
ko tky T F




Quenching of Excited States: Free Energy of Electron Transfer

Rehm and Weller

encounter

complex
M+ Q + hv

2

AG,, =E(D/D")—E(A /A - > —AE,,
ga

E(D/D"):ionization potential
E(A" / A):electron affinity

2

e—:Coulombic E. energy released by
ga

bringing the ions to within th e encounter
distance "a", ¢ : dielectric const. of medium
AE,, :electronic excitation E.

@o
i QS <A2 + Qs
7A (~15A 7}A] e-transfe

Solvated lon Pair

|

Products

r>7}‘—3~)




Quenching of Excited States: Free Energy of Electron Transfer H

2

. _ e
i /\G;: = 2E(D/D")~E(A"/ A)~— - AEy, Rehm and Weller

2.0x10%

K, = :
° 1+ O.25exp(AG23 /| RT) +exp(AG,, / RT) |

*

AGy ! Encounter complx. Ol Al sip &0 o

2
AGS, = (1 +AG,;)
4

A=A+,

A.: Inner sphere recognition term (donor ac
bond electron transferOl Al orientation 1t

A, - Outer sphere recognition term

D-A AFOIS AHel
20 2] Optical dielectric const.
Static dielectric const.




Quenching of Excited States: Electron transfer 2t energy transfer

Inner and Outer change

Visualization of the inner (note size change) and
outer (note solvent reorganization) changes

Solvent molecules
— T P i
random around X Solvent

molecules




Quenching of Excited States: Free Energy of Electron Transfer

e Rehm and Weller Eq.

2.0x10%

k, = .
° 1+ O.25exp(A623 | RT) +exp(AG,, / RT)

L/mol se

1010

—-30 20 -10 0 0

. : Kcal/mol
exothermic Ast




Quenching of Excited States: Free Energy of Electron Transfer
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Quenching of Excited States: Electron transfer 2t energy transfer

o Potential energy description of an electron transfer reaction with AG =0

relaxation

reorganization

MNuclear coordinates




energy

D1-A

D*-A-

Reaction coordinate
off Hatt 82 &5

ol - = ot X7
| Ol & HXIHA
I},

01212 2/0|&=?

D*-A-

BRRE <oior
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Quenching of Excited States: Electron transfer

e Inverted region

A-Sp-D

A (total)

I + 'y
1.0
a
—AG” (aV)
[ntramolecular electron transter rate constants as a function of AG™ in

methyltetrahydrofuran solution at 206 K. From: Closs, G. L Caleaterra, L. T
Green, H. 1 Pentield, KW Miller IR 1 Phys, Chem. 1986, 90, 3673




Quenching of Excited States: Electron transfer

e Thermodynamics and Kinetics

CN CN
CN CN
. J

naphthalene 1. 4-dicyanobenzene Y

EDD+..-|:;| =+1.60Y E':'A,. a— =164V radical ions

E(Sq) = 3.94 &V =90.9 kcal/mol

AG=FE" —FE
oD Afd

EY  —E}-02
AG=369—(=37.8)=92.1-0.2=—17.6 keal/mol

kfelectron transfer) = 1.8 x 10 0 gyl

from: Rehm. D Weller, A Isr. 1. Chem. 1970, 8, 250




Quenching of Excited States: Heavy atom Quenching

« Exciplex &4 [H heavy atomOl| isc SJI AlZ2IL}.

heavy atom
effect




« Diffusion0ll 2ol highly excited triplet exciplex & & st OIS
singlet oxygenJt Xl & M &HLt,

highly excited
triplet exciplex
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Quenching of Excited States: Electron transfer 2t energy transfer

Substrate

Uxyveen
N0

Cud+

henzene
anisole
henzonitrile

naphthalene

k(108 M-1s-1)

{norganic

Aromatic

Substrate

styrene
tetracyvanoethylene

hutadiene

Ketones
acetone
acetophenone

benzophenone




Quenching of Excited States: Electron transfer 2t energy transfer

 Electron Exchange mechanisms

Energy transfer in some cases

» always in the case of triplet-triplet energy transfer

Triplet-triplet annihilation
Charge transfer

Charge translocation

« A theory of energy transfer by electron exchange was worked out by Dexter:
* kgr (exchange) = KJ exp(—=2 rp,/L)
« Kisrelated to specific orbital interactions.

« Jisthe normalized spectral overlap integral, where normalized means that
both the emission intensity (l;) and extinction coefficient (e,) have been
normalized to unit area on the wave number scale.

« J, by being normalized does not depend on the actual magnitude of eA.
* I, IS the donor-acceptor separation relative to their van der Waals radii, L.

« By being defined in this manner ry, corresponds to the edge-to-edge
separation




’ Quenching of Excited States: Electron transfer 2t energy transfer “

« The rate of dipole-induced energy transfer decreases as R whereas
the rate of exchange-induced transfer decreases as exp—2/L), This
means that ke(exchange) drops to negligibly small values (relative
to the donor lifetime) as the intermolecular (edge-to-edge) distance
Increases more than on the order of one or two molecular diameters

(5-10R).

« <+ Therate of dipole-induced transfer depends on the oscillator
strength of the D* -> D and A -> A* radiative transitions, but the rate
of the exchange-induced transfer is independent of the oscillator
strength of the D* -> D and A -> A* transitions.

< The efficiency of energy transfer (fraction of transfers per donor
lifetime ~ k1 /kp) by the dipole mechanism depends mainly on the
oscillator strength of the A -> A* transition (since a smaller oscillator
strength for D* -> D is compensated by a slower radiative rate
constant), whereas the efficiency of energy transfer by the exchange

Interaction cannot be directly related an experimental quantity.




Quenching of Excited States: Electron transfer 2t energy transfer

e 9 & processE sAl0l 2Hot=I4?

& process
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