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Energy Transfer

Energy Transfer
— between different species
Energy migration
— group of same species
Intermolecular
— between separate species
Intramolecular
—b/w different groups in the same molecule
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Energy Transfer

 Radiative Energy Transfer

— absorption of photon emitted from
donor

— very long range
« Non-radiative Energy Transfer

—Coulombic (dipole—dipole) interaction
(~20-60 A) long range

— Electron Exchange
(~6-15 A) short range
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Energy Transfer — radiative

 Radiative Energy Migration

Ing ™ 1 ; 1 Ina ™
M,—»>M,+hv, ; M;+hv,—>M,

e Singlet—singlet

e Triplet—triplet migration?
ot o 2= 2 Al ¢ triplet absorption0] &HC}.
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Energy Transfer — Radiative

 Radiative Energy transfer
‘M, —>M, +hv, ; Y +hy, Y’

singlet - singlet

‘M,>M,+hv, ; Y +hv Y’

triplet - singlet

e Singlet—triplet, Triplet—triplet migration?
QUM O 2= 2 A| : triplet absorption0| &fLC}.
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Energy Transfer — Collisional

e Collisional migration due to formation
'M ,:+1I\/I B‘:>1 D’;B—>1M A+1|\/I;

singlet - singlet

M, +M_ S D\, —>'M ,+M

triplet - triplet

formation and dissociation
'M :\+1Y‘:>1(MY)*—>1M A+1Y*
singlet -singlet

ML +YSP(MY) M+
triplet - triplet
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Energy Transfer — Electron Exchange

e Short-lived intermediate
'M ,’;+1I\/I B—>1M A+1M;

singlet - singlet

M, +M, M, +M

triplet - triplet

e Short-lived formation and dissociation
"ML +Y M, Y

singlet - singlet

ML+Y M+

triplet - triplet
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Energy Transfer — Coulombic interaction

e Radiationless migration

Dipole—dipole, multipole—multipole interactions
"ML +M, oM, +M

singlet - singlet
 Raiationtionless transfer

"ML +Y M, +Y

singlet - singlet

Radiative transfer?t S AF5tC}. SM Z—I—lY S'M A—I—3Y*
Absorption—emission spectrum&] i i
OverlabO| J| (4. t“plet't”plet




Energy Transfer — Triplet+triplet

*

MM M +'M
M +°M " =D

*

- - o Triplet2 lifetimeO| 22| TS0 JF
M +M ™ =M +°M

Solution¥| A= excimer 42 & Il
Rigid matrix0l Al = electron exchangeZ& Jls

CI=2 process=2 exciplex &d &= electron exchange& Jis
x* 1 l x*
M +°0,>'M +'0, W

SM™+Y 5IM +YY Xt O{J|AFE# 22| ® 0|t allowed
transition0| 2 2 radiative, dipole—
dipole interaction@ 2 & Jis




Energy Transfer — Singlet+triplet

**

"M +M =M +M

M +Y " S5'M +Y T

—
o

Triplete] lifetimeOl 22| THS0| It

&0\t allowed transition0| 2 2 radiative, dipole—dipole
interaction@ =& Jis

Spin conservation® &2 2, collisional &= = electron-—
exchange2 & Jt=s




Condensed Media

e Oriented Gas e Condensed Phase
long
S
e E AW:interaction energy

Ket-1tl:1felA —Coulombic interaction
— Electron—exchange interaction




Lifetime against migration

At~ h/AW
o (Uncertainty principle)

e Crystal LHOl O Al =&
o Exciton states of the crystal.
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Theory of Exciton States of aromatic crystals

Davydov
e Crystal 0l A translationally inequivalent molecules

e ( Two molecules per unit cell)
1 @, ¢, for two molecules:

TwO groups

 Translationally equivalent : Z&0IAH #&4A UL
e |Inequivalent : 2tA HigF S0| CIS
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Theory of Exciton States of aromatic crystals

S+ 8t JHOIl CHBHO 8tDFAl transition moment (m)
=I\i

Exciton states a, B 0l CHot0d

00

=JHol 04X %Ol AE

00

0| interactionO| dipole—dipole interactionO|

rﬁz (orientation factor)

AEoc—

I’ r : intermolecular distance
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Theory of Exciton States of aromatic crystals

unit cell®ll SIS XD Mot 2 - AE 0| A
S 2l exciton states &

0l T} Dz

AEoc—
r

=> Davydov splitting factor
=> interaction E of molecules

Transition2 crystal® symmetry axislfl £Eo =z &4
@)

& transition| Hl=

& polarization HI2 8 = QAUL}.




Theory of Exciton States of aromatic crystals

E,=E,+A+B

e

o £, transition E of exciton states
» £, transition E of isolated molecules
« A spectral shift parameter

{environmental effects= (polarization
of environment) + (interaction with
translationally equivalent molecules):

+ - 25 Jls}

1 AE = 2B : Davydov splitting factor

e interaction with translationally inequivalent
molecules
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Exciton States of benzene

Benzenedt 20/ unit cellOf 4/ ZAtF U= &
2t A B0 U= FE

E.=E,+A+B,

» B Unit cell AT jth factor group
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Magnitude of Davydov splitting factor

Allowed e dipole B( 'A- 1B,,) :2B ~ 20000cm™
Anthracene p('A - 1L,) : 2B ~ 200cm™
naphthalene p('A - L) . 2B ~ 200cm™
Anthracene, naphthalene (A - 3L,) :2B ~ 10cm™

2}t vibronic trnasition

r0

2} vibronic state0fl LSt transition
moment0| B dl

AE SE I A& M=
Crystal strains

Defects

Surface effects

DIV ONnin. .- . Honailk Unive




Benzene Crystal

4 moclecules/cell —>

(1 forbidden)
Joa(TA - 1L,) € oy = 250

« The Davydov splitting of 0—0 band: 2B=45cm™

o Crystal: Octupole—Octupole interactionO| HlAHX]
SCH100 3 &< 26HH 20QICt.

] Crystal field mixing of exciton states with ion—pair
state of crystal O

S.A.Rice and J. Jortner, Physics and Chemistry of the Organic Solid State, Vol 3, pp199 (Ed.D. Fox,
M.M. Labes and A. Weissberger) Interscience, New York, 1967
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Naphthalene Crystal

2 moclecules/cell —>
Weak a('A - L) € oy = 270
 The Davydov splitting of 0-0 band: 2B=150 cm™!
 Octupole—0Octupole interaction (craig and waimsiey)
] Crystal field mixing (s.A.Rice and J. Jortner)
« p(TA-1L,):2B ~ 320 cm™!
« B('A-1B,) : 2B ~ 10,000 cm™
» Dipole—dipole interactionl 2= HSE 2 &t

—> higher multipole interaction 2
e Crystal field mixing @& HLE & &9
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Anthracene Crystal

 Low energy absorption
Medium p('A-1L,) : 2B ~ 200 cm™"
€ may = 8900
Polarized along short axis

» Strong B( 'A-18,) : 2B ~ 16,000 cm™!
€ may = 220000
Polarized along long axis
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Davydov Model

Weak coupling model

—Medium to strong transition0il CHolAl= B 2R
=2 2
— Retardation potentials i
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Exciton Interaction

« Sandwitch Type (Card Packed) : Blue shift

A

R —
I —— N P R A EXCI'[OI’]
: I I Split (band)
I ——
Engrgy u-allowed | | u-forbidden | 1-allowed
S Monomer
Dimer —
Dimer2| &= Random
=T distribution

Dimero| &2

Large Stokes shift
Bandwidth
\ A\=

rlt & emission

A k University




Exciton Interaction

« Sandwitch Type (Card Packed) : Blue shift

"""" . f Exciton
g v Split (band)

1, « .
\Pin—phase — ﬁ (¢1 Dy, TPy ¢2)

.
.s*
s

Monomer
1 * *
LIJout of phase — ﬁ ((01 Dy, — P, §02)

- =) -y
exclton R132 sz

AE, cion = 2|E

exciton exciton ‘
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Exciton Interaction

e Linear Type :

I —— . e— I I A EXCIton
““““““ f ! Split (band)
PRI — B ey w—
Energy u-forbidden u-allowed
pﬂ-allowed
Dimer

9|
Monomer2 &< \ Dimer2| emission : small Stokes shift
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Exciton Interaction

 Oblique Type :

A
t o e A EXCI'[OI’]
““““““ 1 | Split (band)
‘m |

Energy u-allowed

Dimer Monomer

AE

(cos o +3c0s° )

exchon




Singlet Exciton Migration — Models
'M* in crystal : migrate

e Exciton band model
—Exiton—phonon scattering & 1!
—Mean free path of the coherent exciton 2 [l &2

Hopping Model

>Fe Bl B2 & E

— M* |localized molecular state
— Random walk
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Singlet Exciton Migration — Models
'M* in crystal : migrate

e Exciton band model
—Excited lifetime Ol crystal propertiesOfl it 24
—|Low temperatureil = Mean free path of the

coherent exciton 2 I} ULCH.
Hopping Model
= A2 HIIAME] &80 &

| DM.Shin.: Hongik University. .




Singlet Exciton Migration —Hopping Models

e Exciton jump frequency

K - rate const. of '"M* exciton migration
'M* JF YOl 216t energyE &S & & p




Singlet Exciton Migration —Hopping Models

e Rate of 'M* -1Y energy transfer:
kYM [1Y] — pkmig [1Y] — pkmig CY
Y], _ 1 ky[M]

J —, 0
[lM ] M TM YM kM

Cy =

kr'nig — JYM kM — (GYM )max kM

maximum value of oy,, , lifetime=>k_;,

* Knig~ 6.7 X10 2 sec™! (tetracene in anthracene crystal)
AW ~h K g ~ 220 cm™ ~ 2B

Y = Ayt Oy

(=2 oyy & AII= 1y 0l 2T FHIH AH&E = UL

0l = naphthalene crystal2 &< =82nsec —> oy, Ml G 3
Ct.)
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Mean Singlet Exiciton Migration Length (L)

r.m.s. displacement in a time 1y, .

L =,2A7,

A : exciton migration coefficient
|Isotropic medium Ul = 33X 22 Hl At

L =,/6Ar7,

L 2t ¥ 0.3 ~0.01 um (for aromatic crystals)

Naphthalene, anthracene, phenanthrene t,, = 10~80
nsec)

How about




Mean Singlet Exiciton Migration Length (L)

Benzene crystall &<

Singlet lifetimel A 10° hopping

©=Z 105 X 2A (mean dist.)=2 X 105 A
Tripletel &< 10! hopping : 2 X 1011 A

ANz Ol Eel &2 = JA=sIH?
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Exiciton Traps

Low energy traps
=> Emission siteZ & &
High energy traps
=> defects &4

ol IF AN

::>'TM = Oyy © =

20 MetA TOE = AU -

Solution studytil ([t=H
Cy << 2 X 1075M radiative transfer < All
cy > 2 X 107M : (1),)y ! radiationless transfer 24J|&H A

host fl. 2 2 M
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Layer Thickness Effects

o Tetracene (Y) in anthracene (M)

104 M tetracene

Normalized at d= 0.2 um

d thickness (um)
1 10 20 30

o Y] 1y oy L DR 10/ I,

0 = s sy
Thick: I/ I,




Layer Thickness Effects

e Thin Samplel &<

0 Jt tetracene?

Icﬁ

K
fol
10
42
10
HU
Ok

e Thick Samplel &<
0l E0dll &IC}.
=20l [l2tAl base material? self-absorption2 &
=> exciton CtAl 24 => effective lifetime
=> migration length

xtetracenel s = L AGtL] surface HEE 2 X}10| SiCH.

Tetracenel =%

I HE A= HS

&1 X 6t Ct. Radiative
Transfer &0} X|J| M &




Layer Thickness Effects
e Doping & &0l 12240l 2tOF StCh!

ko [Y]
Ken (L= @y ) + Ky + Ky [1Y]

(fYM)a =

a,. - effect of finite self - absorption
Keyy =2y, ) S 285 0[CE M* i 285t | TH =.

"(fYM)a > fYM
« 4Al(l: anthracene crystal

few um thick : 10 nsec
few mm thick : ~30 nsec
small crystal ; ~ 3 nsec

(surface defects or oxidation)
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