
Electron Transfer



1D* + A D + 1A*

1D* + A D + 3A*

3D* + A D + 1A*

3D* + A D + 3A*

Energy Transfer



Survival Strategy:  Photosynthesis
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Electron Addition and Removal is Easier in the Excited State than 
in the Ground State





∆Get =   (IP)D – (EA)A 

Ground state
(gas phase)

*∆G    =     (IP)D - (EA)A  - E*D 

Excited state
(gas phase)

ΔGet = E1/2
ox (D)−E1/2

red (A)−Eexc (A)+ΔECoulombic

Excited state
In solution
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Caution

Another important point in using electrochemical data is that one must 
employ the standard electrode to which the values of E�(D+/D) and 
E�(A/A–) refer. Both the standard hydrogen electrode and the standard 
calomel electrode and silver electrode are commonly used as standards.  
So care must be taken to know which is being used and not to mix data 
from the two standards unless appropriate corrections are made. 

Be careful about the reference electrode

It is very important to note that by convention in electrochemistry, both 
E�(D/D•+) and E�(A/A•−) are expressed as reductions (D•+/D and 
A/A•−). Both reactions are expressed as A + e→A•− and D•+ + e→D.  
Because of this convention, one must pay careful attention to the signs of 
E�(D•+/D) and E�(A/A•−) when computing the overall value of DG. 

Be careful about the sign
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Rehm-Weller Equation

D*  +  A

D.+ +  A.—

Free energy of activation expressed in terms of the free 
energy of reaction (DG) and free energy of activation (DG#) 



A. Weller

D. Rehm and A. Weller, Isr. J. Chem., 8, 259, 1970

Dependence of the electron transfer rate on the driving 
force DG0  and the free energy of activation DG‡

The value of ket reaches a plateau value of ~ 2 x 1010 M-1s-1 after an 
exothermicity of ~ -10 kcal mol-1 and the value of ket remains the diffusion 
controlled value to the highest negative values of  achievable. 

Rehm-Weller Plot



V. Balzani, et. al., JACS, 
100, 7219, 1978

C. R. Brock, T. J. Myers and  
D. G. Whitten, et. al., 
JACS, 97, 2909, 1975

H. Toma and C. Creutz , 
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More Rehm-Weller Plots 



The Nobel Prize in Chemistry 1960 was awarded to Willard F. Libby 
"for his method to use carbon-14 for age determination in 
archaeology, geology, geophysics, and other branches of science".

Willard F. Libby

Libby Model
W. F. Libby, J. Phys. Chem., 56, 863, 1952; J. Chem. Phys., 38, 420, 1963; 



The electron jump from R* to R•+ is 
analogous to the electron jump from a 
HO to a LU that leads to formation of an 
electronically excited state. 

The electron jump is expected to occur 
“vertically” and to follow the Franck-
Condon principle; the geometry of the 
products formed by an electron transfer 
would be the same as the geometry of 
the reactants. 

Libby Model

Two types of reorganization occur after the et: (1) an electronic and vibrational 
reorganization, termed internal molecular reorganization; and (2) a solvent 
reorganization associated with the solvent reorientation to accommodate the 
new electronic structures termed external solvent reorganization.  



Libby Model



Marcus Theory



R. A. Marcus, J. Chem. Phys., 24, 966, 1956.

R. A. Marcus and N. Sutin, Biochemica et Biophysica Acta, 
811, 265, 1985.  

R. A. Marcus,  Electron transfer Reactions in Chemistry: 
Theory and Experiment, (Nobel Lecture) Angew. Chem. Int. 
Ed.,32, 1111, 1993. 

R. A. MarcusRates are expected: 
² to be slow for weakly exothermic reactions, 
² to increase to a maximum for moderately exothermic 

reactions, and then 
² to decrease with increasing exothermicity for highly 

exothermic et reactions.



Evolution of Marcus model

ket = A exp-(DG‡/RT) 

R. A. Marcus, J. Chem. Phys., 24, 966, 1956.

Weller Model



Libby Model
Electron transfer is a two step process: 

(a) Electron transfer first with no change of nuclear positions (Franck-
Condon principle)

(b) Solvent reorganization

Marcus Model
The above two step model violates thermodynamic principle of conservation 
of energy.



The Marcus model



The re-emergence of the activation barrier (∆G‡) at 
large negative DG0 values



Marcus Prediction



Marcus prediction vs Weller’s experiments



Electron Transfer Involves Two Steps

Marcus prediction vs Weller’s experiments



Experimental conditions to observe the Marcus “inverted region”?

For most donor-acceptor (DA) systems the inverted region is 
obscured by the diffusion limit.

This can be circumvented by:
v freezing the donor-acceptor distribution (glassy medium)
v covalently linking the donor and the acceptor
v lowering the donor-acceptor interaction (electronic coupling V)  

so that the maximum rate for -DG0 = l is lower than the 
diffusion limit.



J. R. Miller, J. V. Beitz, and R. K. Huddleston, J. Am. Chem. Soc., 106, 5057, 1984.

J. R. Miller

Effect of Free Energy on Rates of Electron Transfer Between 
Molecules in Glass at 77 �K



G. Closs J. R. Miller



G. Closs and J. R. Miller, Science, 240, 440-447 (1988)

J. R. Miller, L. T. Calcaterra and G. L. Closs, J. Am. Chem. Soc., 106, 3047-3049 
(1984) 





The Nobel Prize in Chemistry 1992

The Nobel Prize in Chemistry 1992 was awarded to Rudolph 
A. Marcus "for his contributions to the theory of electron 
transfer reactions in chemical systems".

The Nobel Prize in Chemistry 1983 was 
awarded to Henry Taube "for his work on the 
mechanisms of electron transfer reactions, 
especially in metal complexes".



Forward and back electron transfer



€ 

D+ + A– kbet" → " " D + A  *  

Chemiluminescent Electron Transfer

Two situations which can contribute to the formation of an excited
state from an electron transfer between D+ and A- are:

When back electron transfer to the ground state (D•+ + A•- ® D + A) 
is in the Marcus inverted region and is therefore inhibited; the 
formation of the excited products (e.g., D•+ + A•- ® *D + A) may be 
kinetically preferred because of the smaller DG0

et

When a triplet radical ion pair undergoes back electron transfer, spin 
selection rules forbid the formation of D + A (singlet products), but 
allow the formation of an excited triplet state of D or A, i.e., when 
3(D•+,A•--) ® 1(D,A) is spin forbidden, while 3(D•+,A•-) ® 3D,A is spin 
allowed



Bioapplications, Light emitting diodes (TV, Computer, Cell phone screens)

Excited state production through back electron transfer


