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It was shown that the application of the additivity rules [Chem.
Phys. Letters 13 (1972) 571] may be very helpfull for the determi-
nation of the sign of the g tensor.

Recently, a large number of experimental molecular quadrupoles, dia-
magnetic and paramagnetic susceptibilities and second moments of charge
became available!. This immence pool of experimental data gave strong
impetus for the theoretical treatment of these quantities on the semiempirical
level>™®. The additivity of second moments was put forward first by Flygare
et al.? who have shown that the second moment related to the out of the heavy
atoms plane coordinate c is easily obtained by using simple empirical additivity
rules. These rules were subsequently rationalised within the framework of
the semiempirical CNDO/2 method where < c¢?> > second moments were cal-
culated in the one-center approximation?. Flygare et al.’ established recently
an empirical scheme based on atomic dipoles which enables highly accurate
estimates of second moments. This method takes into account the anisotropy
of the electronic charge distribution in the vicinity of nuclei and also employs
different parameters for the same atom in different moieties. We have shown?
that the molecular second moments of electronic charge can be easily calcu-
lated, albeit not so accurate, by an additivity equation which employs only
few parameters

Atoms
<o{v2!o>=Evan?—}-kanp 1)
n P

where v denotes coordinates x, y and z of the molecular system of coordinates®,
|0> is the ground state Slater determinant, Z, is atomic number of the
nucleus n, n, is a number of atoms belonging to the p-th period of the Men-
deleev system of elements and k, is a constant characterising p-th period. It
is seen from the formula (1) that the atomic contribution to the molecular
second moment is not only isotropic but it is also constant for all atoms be-
longing to the same period. The values k, found earlier’” read as follows
(in 10716 cm?):

* v refers frequently to the principal inertial axes coordinates a, b and c.
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Here we give some more evidence for the additivity of the second moments
in the sense of the equation (1) and for the additivity of the closely related
diamagnetic susceptibility. We shall discuss in particular the potential use
of the eqn. (1) in determining the sign of the g tensor. The earlier approaches
used additivity of < ¢? > second moments’ or semiempirical CNDO/2 method®.
The second moments obtained by the eqn. (1) and the diagonal elements of the
diamagnetic susceptibility tensor

Xga = (Le¥/4mc?) < o | b2 4+ c2|o >*

are compared with some ab initio results and the most recent experimental
data in the Table I. The agreement with experiment and ab initio calculations
is very good, the exception being ozone. This discrepancy indicates that either
some special bonding feautres are present in this molecule or perhaps that
the experimental results should be reinvestigated. The second moments in
2-fluoropyridine are not unambiguously determined by the experiment due
to the indeterminacy in sign of the g values®. The set of second moments
presented in Table I corresponds to the diagonal g components — 0.088, — 0.041
and 0.023 for g,,, g, and g, respectively. The alternative choice of sign
in g would lead to the negative <{c¢*> = — 10.7 value and could be rejected
as physically unacceptable since < v%>> is always positive. Nevertheless the
fine agreement obtained for the former set of second moments illustrates the
potential capability of the eqn. (1) to make a proper choice of sign, what could
be very useful in cases where both sets of second moments are physically
acceptable. If the bulk magnetic susceptibility is not known then only the
anisotropies in the second moments could be experimentally obtained. The
anisotropies for dimethylketene, propynal and SF, are listed in the Table IIL
The agreement with experiment for propynal and SF, is satisfactory. There
are two possible sets of second moments for dimethylketene?. The correspond-
ing values are close to each other and it is hard to make a choice. Despite
of that it seems that the set g <{ 0 is slightly preferable.

To conclude, one can say that the present results provide further support
of the simple additivity formula (1). It gives also a very simple criterion for
the choice of the sign of g values. Therefore it is not necessary to perform
semiempirical calculation of second moments for this purpose as we reco-
mended earlier* since the straightforward application of the formula (1) will
suffice if the two possible sets are not too close to each other. It should be
mentioned that the second moments calculated by the eqn. (1) could be easily
transformed to the gauge invariant values!® simply by transforming the terms

Evai to the center of the positive charge of a molecule.
n

* The remaining two expressions are easily obtained by the cyclic permutation
of the coordinates while the constants have their usual meaning.
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IZVOD

O aditivnosti drugih momenata elektronskog naboja molekula i dijamagnetske
susceptibilnosti

Z. B. Maksié
Pokazano je da primjena pravila aditivnosti [Chem. Phys. Letters 13 (1972) 571]

moZe pomo¢i kod odredivanja predznaka g-tenzora.

INSTITUT »RUDER BOSKOVIC«

41000 ZAGREB Primljeno 5. veljade 1973.





