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Long Range Interaction between Hydrated Electrons 

By Hideo TSUJIKAWA, Kenji FUEKI and Zenichiro KURI 
Department of Synthetic Chemistry, Faculty of Engineering, Nagoya University, Chikusa-ku, Nagoya 

(Received November 26, 1965)

The pulse radiolysis technique has made it pos-
sible to observe directly the formation and reac-
tivity of the hydrated electron in liquid water. 
The bimolecular reaction of the hydrated electron 
has been found to be a fast reaction1) and a subject 
for discussion, since it is the reaction of two negative 
species in which only a repulsive interaction would 
be expected from a simple classical consideration. 

In order to understand this reaction, it is necessary 
to consider the interaction between hydrated elec-
trons on a theoretical basis. We have, therefore, 
made a calculation, using the polaron model, 
of the long range interaction between hydrated 
electrons. 

The interaction energies between two hydrated 
electrons in the electronic ground state are ex-

pressed as follows:

where the upper and lower signs on the right-hand

side correspond to the 1Σg+ and 3Σu+ states re-

spectively; a and b represent the cavities which 

are formed by each electron; r0 is the cavity radius;

ψa and ψb are the wave function of the hydrated

electron in the cavities a and b respectively; rb1 

is the distance between the center of the b cavity 

and the 1 electron; r12 is the distance between the

electrons; S is the overlap integral between ψa

and ψb, and β=(1/Dop)-(1/Ds), Dop and D3

being the optical and static dielectric constants 

of water respectively. 

The wave function of the hydrated electron is

obtained by the SCF dielectric treatment,2) while 

the effective dielectric constant, D, has been es-

timated in the following way:

where f (R) is a cubic function with srepect to the 
distance, R, between the cavities and is connected 
smoothly with Dop at R=6A and with Ds at R= 
12A. 

Figure 1 shows the interaction energy, E, cal-
culated as a function of R for the different cavity 
radii, r0=0 and 1.8A. The interaction potentials
for both the 1Σg+ and 3Σu+ states are attractive

rather than repulsive except at short distances.

The potential curve for the ground state (1Σg+)

has a minimum at 7.5A. The increase in the

cavity radius lowers the 1Σg+ state slightly and

raises the 3Σu+ state to the same extent.

Fig. 1. The interaction energy between hydrated 
electrons.

The present results suggest that the activation 
energy for the bimolecular reaction of the hydrated 
electron arises from a short range interaction when 
the activation energy for diffusion is properly 
taken into account, and that it is not justifiable 
to use a simple electrostatic interaction between 
hydrated electrons in applying the Debye equation 
to the second-order rate constant.
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