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In some of our previous papers, 1 the interaction energy between two 

reacting molecules has theoretically been discussed in terms of chemically 

graspable concepts. The energy is there divided into a few terms, including 

the usual electrostatic and exchange terms. The importance of the effect of 

electron delocalization between the reactants which originates from the mix- 

ing of charge-transfer configurations has been stressed. The purpose of this 

paper is to present some numerical results to compare the magnitude of each 

term, with reference to the bimolecular substitution of methyl chloride, which 

will presumably provide us with a simplest suitable example. 

The interaction energy AW, the difference between the lowest total 

energy of the mutually-interacting system of two molecules and the sum of the 

initial stationary state energies of the two isolated molecules, is approxi- 

mately given by the following equation, provided that the interaction is not 

yet very strong; 

AW= & 
Q 

+ EK-D-L' 

where EQ is the Coulomb interaction energy, EK is the exchange interaction 

energy, D is the delocalization interaction energy, and 77 is the polarization 

interaction energy. The full presentation of these four terms can be found in 

our previous paper. la 

Here, we take, for the simplicity in calculation, a chloride ion as the 

attacking base. The molecular orbitals (MO) used have been obtained from an 
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all-valence-shell-electron SCF method.' The ionization potentials of methyl 

chloride and chloride ion obtained by this calculation are 11.447 eV and 

3.467 eV, respectively, showing a fairly good agreement with the observed 

values. 3 The results of calculations of the interaction energies are given 

in Table I with respect to two different models. 

Table I. The Calculated Results of the Interaction Energies. 
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It is clear that Model I is more stable than Model II. Thus, we may say, 

although Models I and II are very arbitrarily set up , the course which leads to 

the inversion process is more favourable. The preference of the back-side 

attack of base to the carbon atom is highly attributable to the magnitude of D. 

The large difference in D with respect to Models I and II is related to the 

nodal property of the lowest unoccupied (LU) MO of methyl chloride which has 

the maximum extension at the back-side of the carbon atom in the direction 

along the C-Cl axis. 
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