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Scission probabilities of the skeletal C-C bond in the 

mass spectra could be explained quantitatively on normal 

alkanes (l), branched alkanes (2), alkyl ketones (T), alkyl 

amines (4) etc. by applying the LCEO-MO theory. 

In order to apply the LCEO-MO theory to mass spectra 

other than chain compounds, scission probability of the C-C 

bonds of four cycloalkanes has been calculated by introduc- 

ing a new assumption on the second bond-scission, which is 

required necessarily to produce fragment ions. 

The metnod will be explained briefly on cyclopentane. 

At the moment of electron impact, the hot parent ion pro- 

duced would take an electronic configuration similar to A 

shown in Fig. 1, where a bond is opened and the electron 

loss, i.e., positive charge, is localized on an outermost 

spa 6 hybrid orbital. Some of such ions will appear in the 
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spectra, but the electronic state at the terminal carbon 

atom will turn into a sp2 x hybrid orbital. Besides, the 

hot parent ion will take mainly another configuration B, 

where the electron loss is distributed over all the bonds, 

and the two highest levels correspond to the two non-bond- 

ing electrons. Therefore, the probability of the second 

bond-scission will be given in proportion to the positive 

charge density at the level shown by asterisk in Fig. 1 

("new assumption"). 

Fig. 1. The Configuration of the Hot Parent Ion 
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Configuration A Configuration B 

The positive charge density at the energy level in 

problem can be determined by the expanding coefficients 

of the molecular orbital at the highest orbital of the 

secular equation (1) as a result of simple reasoning. 

h+m, 1 0 0 

1 A 10 

0 1 A 1 

0 0 1 h+mi 

=o ( 1) 
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In Eq. (l), A equals to (a-E)/b, where a and 8 being 

coulombic and exchange integrals concerning the C-C bond 

orbitals except the terminal ones. And the united atom 

approximation is adopted for the C% group. 

Besides, the exchange integral between the outermost 

sps hybrid orbital and the bond orbital with respect to the 

terminal C-C bond is neglected for the simplicity of cal- 

culation, while the coulombic integral of the terminal bond 

is expressed by a+ m,P, where mi is a constant. 

By putting mi to be 0.8, the scission probabilities 

of each C-C bond are determined on cyclopentane, cyclo- 

hexane, cycloheptane and cyclooctane. The observed values 

can be determined by analyzing the amount of fragment ions 

of the mass spectra of these compounds. The procedure is 

easy, because there are few peaks which must be ascribed 

to rearrangement peaks and those produced by multiple scis- 

sion. 

The calculated values of the second scission probabili- 

ties are compared with the observed ones, and their agree- 

ment is satisfactorily good as shown in Fig. 2, where the 

calculated values are plotted against the bond number, which 

is explained by the corresponding figure shown below. The 

degree of agreement does not change so much, even if the 

mi is changed to some extent. 
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Fig. 2. Bond Scission Probability 
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It will be noteworthy that the present result is obtained 

without any knowledge of a and S values, and since the same 

was true for chain alkanes (l), it can be said that the scis- 

sion probability of the skeletal bond is determined mainly by 

the structure of the compounds. 

In view of the above result, the MO theory is found to 

be more promising to explain the mass spectra quantitatively. 
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