
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 18 February 2013, At: 14:51
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals Science and Technology.
Section A. Molecular Crystals and
Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

On the Control of Electron Transfer
Reactions
E. Canel a
a The Rockefeller University New York, NY
Version of record first published: 24 Sep 2006.

To cite this article: E. Canel (1992): On the Control of Electron Transfer Reactions, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid
Crystals, 216:1, 95-103

To link to this article:  http://dx.doi.org/10.1080/10587259208028756

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever
caused arising directly or indirectly in connection with or arising out of the use of
this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259208028756
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1992, Vol. 216, pp. 95-103 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1992 Gordon and Breach Science Publishers S.A.  
Printed in the United States of America 

ON THE CONTROL OF ELECTRON TRANSFER REACTIONS 
E. Cane1 

The Rockefeller University 
New York, NY 

It is the purpose of this note to discuss how to control electron transfer reactions. 
Such processes are complicated and depend sensitively on the dielectric properties 
of the solvent medium and the energies and orbital symmetries of the relevant elec- 
tron states. 

To obtain an insight into the process it is therefore necessary to consider simpli- 
fied models which contain the essential features of the real systems. In the follow- 
ing such a model will be discussed We will assume that donor and acceptor each 
have two levels and that the donor acceptor system is a rigid structure immersed in 
a polar solvent charactarized by a local polarization field. 

Using such a model it will be argued that by varying Temperature and or external 
fields it is possible to localize electrons in a controlled fashion. 

I. 

distribution of electrons in molecules is demonstrated by the molecule: 
That the dielectric properties of the solvent can have a major influence on the 

0 CH, 

first studied by Saxena, Stafford and Stafford (l) and also discussed by Grifiths (2). 

Solutions of this compound in non polar solvents such as benzene are purple 
whereas aqueous solutions are orange 

As shown by Saxena et a1 the effect is not chemical and they suggest that in 
polar solvents an electron transfer from the nitrogen to the Carbon Oxygen double 
bond takes place. 

The charge transfer state is stabilized by interactions with the dielectric medium. 
Stabilization of a charge transfer states in polar media can be understood in terms of 
a modified Landau Pekar (3) model of the Polaron applied to a two well system. 

To fix ideas consider an H,' molecule. 
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96 E. CANEL 

In vacuum the electron states of this molecule are found by solving the Schrodinger 
equation: 

In the simplest LCAO-MD approximation we set: 

where the 'p, are appropriate wave functions of the isolated atoms and a and b are 
variational parameters. 

A simple calculation gives a Ground State Energy equal to: 

EoH-r and a = b = J/ 42- 

where r is the usual coupling constant. 

In a polar medium we have to consider the additional interaction energy of the 
Hz+ molecule with the dielectric solvent. 

Following Landau (3) we write the total energy in the form 
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CONTROL OF ELECTRON TRANSFER REACTIONS 

where P is the Polarization. In the time independent case we minimize the energy 
with respect to Y and P and eliminate P. This leads to the equation: 

assuming again that: 

where now 
p2 e2 

w1,2 

a variational calculation of the energy gives approximately: 

EoH- (a2+ b2) +2rab-A(a4 +b4) 

a2 +b2 
4) E =  

3 
\p2 (r-R2)dr2 +c.c where r=d EHbp2(r-R2) + c.c - -J yr, (r-R1) - 

(r-R,)* 

1 e2 1 
E 

and A =  - (E-1) 51y1(r1)12 1y2(r2)I2 d:, 4 
E I rl-r2 I 

A 
From 4 it follows that if - > r the states 

2 
a=l, b=O and b=l ,a=O 

have lower energy than the symmetric state 
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98 E. CANEL 

From the previous calculation it follows that the stabilization of the charge trans- 
fer state depends on the relative magnitude of the overlap integrals between donor 
and acceptor states and the electrostatic interaction energy of the complex with the 
medium. 

n. 
We now consider a donor acceptor system in which each has two levels 

Ed,, Ed,, and Ea0, E,, 

We also assume that the states doand a, are not coupled and that d, and a, can 
decay into do and a, respectively. The coupling between d, and a, will be denoted 
by and the lifetimes of d,, and a, will be assumed to be zd and z, the model is 
summarized below: 

a1 I 
(r, 

dl I 

We assume that Ed, = Ea, and KT << E,, 
If we now excite an electron from do to d, it will “oscillate” between d, and a, 

and eventually decay into either do or a,. 

We assume that the oscillation between the excited states can be described by a 
probability amplitude (Green Function) which obeys the equation: 

If C is the probability that the electron is in the excited state,cd the probability 
that the electron is on the donor and ca the probability that the electron is on the 
acceptor. 
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CONTROL OF ELECTRON TRANSFER REACTIONS 99 

1 1 - and - 
' 0  'D 

If initially the electron is in the state d, then for small 

so that: 

or 9) sin 2rz 1 - C G  exp - -  

the probability that the electron is in the donor ground state ( Edo ) is therefore 
approximately: 

in the limit of large r we can neglect the second term and find: 

'd 

'a + 'd 
Cao= - 

Hence the transfer depends on the lifetimes of the excited donor and acceptor states 
to obtain a large yield 

'd - >> 1 
'a 
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100 E. CANEL 

Now consider the case where do and ao are weakly coupled 

b izi =a 

if the system is placed in a dielectric medium such that 

2, >> Ta A 
2 

c-cr and 

then according to the above D+A will be formed with a reasonable rate. 

An example of such a system is provided by the porphyrin quinone system 
important in Photo Synthesis. 

The structures of the two 0 N 

molecules 

and 

are: 0 

0 
As can be seen both molecules have the same axes of symmetry. Using a 

LCAOMO the highest occupied levels of the porphyrin and quinone can be 
calculated. 

Results of such calculations for the porphyrin are shown below: 

a and s indicate 
antisymmetric and 
symmetric states 

a 0 and @ 
refers to the sign. 
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CONTROL OF ELECTRON TRANSFER REACTIONS 

In the same way the first two excited states of the porphyrin can be found. 
They are: 

S a 

101 

a 

and the two excited states the quinone are: 

as can be seen if porphyrin and quinone are arranged in the for 

Then because of symmetry the overlap between one of the excited quinone states 
and the excited porphyrin states is non vanishing. However the overlap between 
excited quinone overlap and porphyrin ground state is small. In polar solvents the 
previous considerations suggest that the charge transfer state might be therefore 
stable in such a configuration. 
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102 E. CANEL 

rn. 
to this we can model the solvent as composed by a set of rigid dipoles (a model 
discussed by Debye (4)) in this model the average electric moment of a dipole in a 
field is given 

Finally consider the question of polarization energy. In the simplest approach 

( in the high temperature limit by 

12) m =  P!d 
3 k T  

where E is the electric field and p the magnitude of the molecular dipole. If we 
assume that the charge transfer complex acts as a dipole of moment po then the 
polarization energy is approximately: 

where 6 is the density (dipoles/volume) of the solvent and R3 is the “Radius” of 
the complex. On the other hand the overlap integrals are found to be (4) of the 
order: 

14) E, E - @ ~  

where in atomic units 

~ ~ 0 . 5  0.5<0l<  1 

and R is the distance between donor and acceptor. 

The condition. 

gives: 

as condition for stability; raising or lowering the temperature will therefore yield 
unstable or stable charge transfer complexes. 
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CONTROL OF ELECTRON TRANSFER REACTIONS 

Finally, it should be noted that external fields will add to or substract from the 
field of the transfer complex. Therefore by varying external fields stable or un- 
stable complexes can be obtained in polar media. 

SUMMARY: 

It is argued that the formation of stable charge transfer complexes can be under- 
stood in terms of a “autolocalization” mechanism, which depends on the magnitude 
of the overlap between relevant donor and acceptor molecules and can be controlled 
by changes in temperature and or external fields. To test these ideas experimentally 
demands the synthesis of very specific molecular system adapted to the solvent 
medium. 
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