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Electronic Structure of Benzyl Radical1) 

 By Yuji MORI 

(Received December 12, 1960)

The electronic spectrum of benzyl radica12,3) 

has been investigated theoretically by the 

methods of MO4-6) and VB6). However, there 

is no theoretical interpretation of the correla-

tion between the electronic structures of benzyl 

radical and of benzene. The purpose of the 

present paper is to show the electronic struc-
ture of benzyl radical in correlation with that 

of benzene. 

The singlet states of benzene correlate with 

the doublet states of benzyl radical and the 

triplet states of benzene correlate with the 

doublet and quartet states of benzyl radical. 

Therefore, it is expected that the lowest triplet 

level 3B,u of the benzene ring will be lowered 

by the interaction between ir-electrons of the 

benzene ring and methylene radical and that 

this will give rise to the lowest excited state 
:2B

2 of benzyl radical.

In view of this, a simpie calculation is carried 
out by using an approximation that the wave 
function of benzyl radical can be expressed in 
terms of the,r-electron wave function of the 
benzene ring and that of the methylene group 
(CH2). 

 Method of Caluculation 

 The method of calculation is similar to the 
method of composite systems presented by 
London'), by Longuet-Higgins and Murrell') 
and by the present authors). 
 The molecular orbital of the benzene ring is

where 1=0,±1,±2,3 and Xt(ν)is the 2Pπ

AO of the tth carbon atom in the benzene

ring. At the carbon atom l the hydrogen atom

is substituted by CH2 and the 2Pπorbital of

CHz is represented by X,(ν).

 The wave functions oe the benzene ring are, 

with an obvious abbreviation,
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 The unperturbed wave functions of benzyl 

radical are given in Table I, where those are 

the eigenfunctions of the operators of spin 

component Sz and total spin S2.

TABLE 1. THE UNPERTURBED WAVE FUNCTIONS 

 OF BENZYL RADICAL

 In order to simplify the procedure of calcu-
lation, the following assumption will be used. 

Namely, all of the interactions between the 

benzene ring and the CH2 group are ignored 

except only that by exchange of 7r-electrons. 

 Though this is very crude and theoretically 

insufficient, this will not be unacceptable be-

cause the perturbation by the odd electron in 

the a-orbital of the CH2 group is not so large 

that this assumption causes serious error in 

the results. 

 Neglecting non-neighbors, the interaction by 

electron exchange can be written

(1)

where α is the exchange energy in the Vf3

theory and H is the complete electronic

Hamiltonian. The value of the interaction

integral is evaluated to be-0.32 eV. taking

the value of α as-1.92eV. as suggested by

Sklar10) and Craig11).

Results 

 The numerical values of the matrix elements 
are shown in Table II. In evaluating the dia-

gonal matrix elements the energy levels of 

10) A. L. Sklar, J. Chem. Phys., 5, 669 (1937). 
11) D. P. Craig, Proc. Roy. Soc., A200, 399 (1950).
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benzene which were given by Pariser12) have 

been used. In Table III the calculated energy 

levels of the benzyl radical are shown as the 

roots of the secular determinants, relative to 

the energy of the ground state. 

 TABLE II. THE VALUES OF Hik (eV.)

 The calculated wave functions of the ground 
and lower excited states, 2B2 (ground state), 
2B-2 (2 .99 eV.) and 2A2 (3.42 eV.) are; 

ground state (2B2)

(2)

Since all of the dipole matrix elements

are zero except for eq, -L and eq,s13), the moments

of the transitions from the groulld state toφ2

and φ6 are

(3)

TABLE III. THE ENERGY LEVELS OF BENZYL 

 RADICAL

By using the calculated wavelengths for these 

transitions, the oscillator strength are given

(4)

Discussion 

The emission spectrum of benzyl radical has 
a band which was observed by Schuler2) at 
about 4500A. This will arise from the transi-
tion between the ground state and the lowest 
excited state 2B2(2.99 eV.). However, no ab-
sorption band which corresponds to this transi-
tion has been observed. The result that the 
bands arising from the lower excited states of 
benzyl radical will have very weak intensities 
will serve as an interpretation for this experi-
mental result. By a similar consideration it 
will be explained that the band arising from 
the transition to 2A2(3.42 eV.) has not been 
observed. 

 It is seen that the lower excited states of 
benzyl radical, 2B2(2.99 eV.) and 2A2(3.42 eV.), 
have the character of the triplet states of ben-
zene. Then the oscillator strengths are due to
the degrees of contributions fromΨ4 orΨ8

which have the components of 1Etn of benzene. 
Therefore the transitions from the ground state 
to these excited states are almost forbidden 
though these are allowed by selection rule. 
 The small oscillator strengths to the lower 

excited levels were suggested by Longuet-
Higgins4) and Bingel6) in terms of molecular 
orbital theory. The results of the present paper, 
however, differ from those by molecular orbital 
calculations in the order of the positions of 
energy levels. In the present paper, the lowest 
excited state is 2B2(2.99 eV.). This is incon-
sistent with the prediction by the other calcu-
lations4,6) that the lowest excited state of benzyl 
radical will be 2A2. This discrepancy arises,

 12) R. Pariser. J. Chen. Phys.. 24, 250 (1956) . 
 13) eqj, and egis are those of the transitions 'Aig 'Eiu 

of benzene, |
q14| =|q18|=R=1.39A, 

where R is the C-C bond-length in benzene ring.



1034 Yuji MORI [Vol. 34, No. 7 

 TABLE IV. THE ESTIMATED LOWEST EXCITED STATES OF RADICALS

a R. G. Parr and R. Pariser, J. Chem. Phys., 23, 711 (1955). 
b R. Pariser and R. G. Parr, J. Chem. Phys., 21, 767 (1953). 
c Calculated by the simple LCAO-MO method. 
d See Appendix. 
e R. Pariser, J. Chem. Phys., 24, 250 (1956).

in some degree, from the difference of con-
figuration interactions included in the calcula-
tions. In the present treatment the first order 
configuration interaction is that between the 
locally excited configurations in the benzene 
ring. The first order configuration interaction 
in molecular orbital treatment has the character 
of interaction between the electron transfer 
configurations between the benzene ring and 
the methylene group. 
 The assignment of the excited state which 

will give rise to the absorption band 3) at 
3100A is uncertain, since there are two excited 
levels in the vicinity of 4 eV., 2B2(4.18 eV.) 
and 2A2(4.33 eV.). 
 The intensities of the bands arising from the 

higher excited states will be more intense than 
those of the lower ones, because larger contri-
butions from the configurationsΨ4 andψ8 are

expected. 
 Though the present treatment showed satis-

factory results, it is difficult to undertake a 
more precise quantitative discussion concerning 
the energy levels and the intensities of the 
bands, because of the assumption that the effect 
of interaction by electron transfer is completely 
neglected. Therefore, the treatment in this paper 
may be useful for the qualitative discussion of 
the correlation between the electronic structures 
of the radical and the parent molecule, for in-
stance, between the benzene and benzyl radicals. 
 As the application of this treatment, simplified 
consideration can be made on the lowest 
excited levels of some conjugated free radicals, 
like benzyl radical. It will be possible that 
the lowest excited state of a radical can be 
approximated by the single configuration. The 
component is the lowest triplet state of the 

parent molecule. 
 By this approximation, the excitation energy 

from the ground state to the lowest excited 
state of the radical will be given

In the above, ⊿E(T-N)is the excitation energy

from the ground state to the lowest triplet

state of the parent molecule in which one

electron is excited to a vacant MOφm'from

all occupied MO%, and[mθHθm]is tho

integral of interaction by the exchange ofπ-

electron inφm and the methylene group.

 By using the nearest neighbor approxima-

tion, the excitation energy of the radical can 

be written

(5)

where Cmr is the coefficient of L m at carbon

atom r, where the hydrogen atom is substituted

by a methylene radical. In Table IV, the

lowest excitation energies of the conjugated

free radicals calculated by Eq.5are shown.

It is interesting that the excitation energy of

the lowest excited state of α-naphthylmethyl

radical is lower than that of β-naphthylmethyl

radical and the lowest excited states of benzyl 

radical and triphenylmethyl radical have the 

same excitation energy. Although triphenyl-

methyl radical is not planar, the result of this 

paper shows qualitative agreement with the 
experimental result that this radical has the 

first absorption band at about 5000A4) with 

weak intensity. The lowest excitation energy 

of allyl radical in Table IV may be compared 

with those by Mofpit15), by Higuchi16) and by 

Longuet-Higgins and Pople4). 

 By this treatment it can be said that the 

lowest excited levels of each free radical 

in Table IV will be lower than the lowest 

triplet levels of the parent molecule and will 

give rise to a weak absorption band. 

Summary 

 The electronic structure of benzyl radical 

was shown by the approximation of the com-

posite system in which all of the interactions

14) T. L. Chu and S. I. Weissman, J. Chem. Phys., 22, 21 
(1954). 
15) W. Moffit, Proc. Roy. Soc., A218, 486 (1953). 
16) J. Higuchi, J. Chem. Phys., 26. 151 (1957).
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are ignored except only the interaction by 
exchange between 7r-electrons of the benzene 
ring and the methylene group (CH2). The 
results are qualitively in agreement with the 
experimental observations2,3) and the results 
of the other calculations4,6). The discrepancy 
between the results of the present paper and 
the other calculations are discussed. 

 The lowest excited states of some conjugated 
free radicals are also discussed. 

 The author is greatly indebted to professor 
I. Tanaka for his continuous encouragement 
and discussion. 

 Laboratory of Physical Chemistry 
 Tokyo Institute of Technology 

Meguro-ku, Tokyo 

 Appendix 

 The wave function of the ground state of tri-
phenylmethyl radical is

whereψ1,ψ1'andφ1''are the wave functions of

the ground states of the benzene rings I, Ii and III

respectively, and θ is the 2Pπ orbital of carbon

atom at the center of the molecule.

 For the excited states, the wave functions are

where(ψ3・ θ),(ψ31-θ)and (ψ3"・ θ)are similar to

Ψ3in the case of benzyl radical。

Therefore, neglecting non-neighbors, the lowest

excitation energy is given as


