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The accuracy of a theoretical prediction of the proton hyperfine splitting constants of the azulene
cation has been analyzed with the use of the McConnell relationship. Spin densities have been calcu-
lated with various modifications of the McLachlan method. The results have been compared with ex-
perimental data and with predictions of other authors.

The MCcLACHLAN method! and the McCONNELL
relationship2 are commonly used when interpreting the
EPR spectrum of w-electron radicals. In the McLAcCH-
LAN scheme! a semiempirical parameter A appears which
according to McLachlan is equal to 1.0-1.2. However,
it was proved most recently for a large group of ionic
radicals of alternant and nonalternant hydrocarbons3
that the value 2 = 0.6 gives much better results.

and for a cation radical that

doubly occ.

J

where the LCAO coefficients c;, (4= 24)’s follow from
a diagonalization of the perturbed energy matrix such
that

Huv(i 21) = Huv + 21c%;;(0)6uvﬂ0' (3)

Table 1. Spin densities in azulene cation radical.
position? experimental ® Hiickel method McLachlan method® McLachlan method®
Bo—10 = 0.9 p° Ref.6 present work
1 2 3 4 5
1 0.394 0.284 0.293 0.398
2 0.056 0 -0.010 -0.102
4 0.014 0.029 0.024 0.005
5 0.154 0.119 0.120 0.138
6 0.041 0 -0.005 -0.048
2 See Figure 1. oy
® Absolute values calculated from the McConnell relationship with Q = —27 G, using experimental proton hyperfine splitting

constants listed in column 2 of Table 26.

¢ With atom-atom polarizabilities calculated from H MO’s (Bg_10 = 0.9 8°); 2 = 1.2.

Let us also recall that a useful modification of the
McLachlan method has been recently derived for neu-
tral radicals of odd alternant hydrocarbons4. The modi-
fication can be extended to ionic radicals. Let c;,(0) be
the expansion coefficient of the j-th molecular orbital
(/ = 0 denotes singly occupated molecular orbital) in
terms of the 2p = atomic orbital of atom g, in accordance
with the selfconsistent Hiickel method, SCH MOS. It
follows then from a perturbational treatment of the
UHF method for a neutral or anion radical that

doubly occ.

o =¢5,2H + ) [G.2H O] )
4
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In the case of neutral radicals of odd alternant hydro-
carbons the modified MacLachlan formula (1) yielded
a definitely better agreement with experiment than the
original one4.

Many authors believe the McLachlan method to be
ineffective in the case of ionic radicals of nonalternant
hydrocarbons. Such an opinion was formulated, for
example, most recently by DEssau and SHiH® in their
discussion of the EPR spectrum of the azulene cation
radical. The authors have determined the proton hyper-
fine splitting constants for this radical claiming the
McLachlan to provide a negligible improvement of the
simple Hiickel method.

The purpose of this work is to show that such an
opinion is not grounded being partly based on erroneous
numerical results. It is also shown that the modified
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indirect calculation of the splitting constants and co-
lumn 12 to the direct one. Column 13 gives the results
of the UHF method with anihilation of unwanted multi-
plicity (UHF AA) within the PPP scheme10. Column 14
refers to a modification suggested by AMos and SNy-
DER 11, basing on an averaging process of the results of
the UHF and UHF AA methods. In yielded good
results for a number of radicals12-15. We do not ana-
lyze the results of other authors which are in a worse
agreement with experiment 16 20,

As follows from this comparison the direct calculation
within the INDO scheme yields best results for all ad-
vanced treatments. They are, however, still significantly
worse than those following from the self consistent
Hiickel method and the modified McLachlan treatment
with 2 = 0.6.
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