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Problems



Tunneling betweenlocalizedstates
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Linear Relation



Mar cus-HushTheory of Electron Transfer

Two-parametersmodel:

� F act =
(� + � F0)2

4�

� is thereorganizationenergy
� F0 is thedriving force.

Fi (X ) = F0i +
(X � X 0i )2

4�

2� = X 02 � X 01

Energy gap law is the same
for charge separation(CS)
and charge recombination
(CR)
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Charge-Transfer Processesin CondensedPhase

Densityof energy gaps(X = �h! ):

FCi (! ) = �hh� (�h! � � E (q)i q ;i = e� � F i (�h! )
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SpectralBand-Shape
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InhomogeneousSolvent-InducedBroadening
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What do weexpectto see?Steady-statespectra.

Solventcomponentof theband:
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What do weexpectto see?Time-Resolved Spectra

Time-resolvedexcitation:

g

e t = 0

t = ¥

Stokesshift correlationfunction:

S
 ;i (t) =
h
( t)i i � h
( 1 )i i

h
(0 i i � h
( 1 )i i

Equilibriumcorrelationfunction:

Ci (t) =
h� 
( t)� 
(0) i i

h� 
(0) 2i i

TRFbroad-bandexcitation:

g

e t = 0

t = ¥

Linear response(parabolic free
energy surfaces):

S
 ;i (t) = Ci (t)

� i (t) = � = Const



Deviations fr om the GaussianPicture.

Experimental Evidence:

� AsymmetrybetweenCSandCR
energy gaplaws

� Asymmetry between steady-
state absorption and emission
lines

� Changein thetime-resolvedop-
tical width

� Coumarinpuzzle
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The Approximation of Fixed Charges

Charge transfer
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The Approximation of Fixed Charges.Simulations
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Polarizable Solute
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Two sourcesof “polarizabil-
ity”:
� D-A coupling through
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Q-Model

Hamiltonian:

H i = H (i )
0 � m 0i �R �
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Freeenergy surfaces:
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Q-Model: Derivation



Q-Model: Properties
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Reorganization Energy of Polarizable Chromophores

� i = ap (f i =f ei )
�

� ~m 0 +2ap � ~� 0 m 0i
� 2

nuclearpolarizationresponse,� p = � apm2
0

dipolemomentchange polarizabilitychange

� ~� 0 = f e2� 02 � f e1� 01, � ~m 0 = f e2m 02 � f e1m 01
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�
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MC Simulationsof Transitions in Polarizable Chromophores

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

� � � � � � �

dipole moment m

polarizability a

diameter s

CS transition CR transition

dipole moment m0
polarizability a0

Energy gap:

� E = � E0� m 0�R �
1
2

� 0R 2

Reorganizationenergy:

� i = � h[� (� E )]2i i =2

0 0.05 0.1

a0/s
3

1

1.5

2

2.5

l i, e
V

Q-model

MC

JPCA,108,2004,2087-2096.

0 20 40 60 80

bm0
2
/s

3

0

5

10

15

20

-b
m e

slope=aes
3

m=0, a/s
3
=0.06, a0=0

0 10 20 30 40

bm0
2
/s

3

0

50

100

150

200
-b

m p

slope=aps
3

a0=0, a=0, bm
2
/s

3
=5.0



TRF band-shape
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Time-Resolved Corr elation Functions
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Coumarin-153
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Model and PhysicalPicture
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Hybrid Model

� CouplingbetweentheD andA statesis explicitely considered
� Couplingto all otherstatesis accountedthroughthedipolar
polarizability

�� 0 = � 0 � 2
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Calculation Procedure
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Coumarin-153band-shapes
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Spectral intensity and the Franck-Condon factor

Lax, Kubo-Toyozawa,Davydov, 50's. Spectralintensity:

I abs/em(� ) / jm12j2F CW D(diagonalmatrixelements);

m 12 is thetransitiondipolearisingfrom theinteractionwith theexternal
electric�eld of theradiation

� m 12 � E0(t)

In a polarmedium,

� m 12 � R

R is thesolventlocal �eld.

I abs/em(� ) / jm12j2F CW D(m12)



Hole Transfer in DNA

kET / V (R)2 exp[� Ea(R)=kT]

Experiment:

kET / exp[� � D A RD A ]

� D A = � V + � � ; � � =
1

4kT
@�
@R

� V ' 0:7� 1:7 	A� 1; � � = 1:0 	A� 1

Hole Donor
Hole Acceptor

H2O

Mg
2+

� D A (Exp) ' 0:9 	A� 1



Energy Gap Law
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Conclusions
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� D-A coupling+ polarizability = band-shapes
of intensetransitions.
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