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The Connections Between Electron Configuration
and the Variations of the Oxidation State™
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Summary

The ionization energy of gaseous ions, strongly increasing as
a function of the charge, is compensated with a remarkable
precision in compounds and aqua ions. The available oxidation
states in aqueous solution correspond to actual ionization
energies not below 30 kK and the electron affinity not above
50 kK (1 kK = 1000 cm™?). The chemical transition groups
start at a higher atomic number than the spectroscopic ones;
the average oxidation number goes through a distinct maximum
except in the case of the lanthanides. The effects of interelec-
tronic repulsion, the polarisability and the back-bonding to the
ligands are discussed, as well as the definition of the spectro-
scopic oxidation state as contrasted to fractional atomic charges.

Chemical and Spectroscopic Versions of the Periodic Table

A few metallic elements are only known in one oxida-
tion state in solution and in non-metallic compounds.
This is true for the alkali metals, the alkaline-earth
metals, aluminium (III), scandium (III), zinc(II), yt-
trium (IIT), zirconium (IV), thorium (IV), and six of the
lanthanides. The majority of the elements forms com-
pounds of several oxidation states. In the five transition
groups characterized by the presence of a partly filled
d- or f-shell, the variation usually takes place step by
step; vanadium is known in aqueous solution in the oxi-
dation states (II), (III), (IV) and (V), and in carbonyl
complexes in (— I) and (0). On the other hand, the earlier
metalloids such as sulphur and chlorine, and in general

* BRased on lecture given in Société Chimique de Genéve the 18.
April 1969: “Les raisons électroniques pour la variation de I’état
d’oxydation.”

the post-transition-group elements having atomic num-
bers Z in the intervals between the transition groups and
the noble gases, change their oxidation numbers by two
units at a time. Actually, it is quite characteristic® that
once iodide or xenon is oxidized, the elements arrive
rather indifferently at iodine (I), (III), (V) or (VII) and
at xenon (II), (IV), (VI) or (VIII). The elements situated
in the Periodic Table between the noble gases and the
transition groups have invariant oxidation number.
When the consecutive “Aufbau” of nl-shells each con-
taining from zero to (4l - 2) electrons became the
accepted explanation of the Periodic Table, it became
also obvious that there is not a unique and direct re-
lation between the lowest electron configuration of a
neutral atom and the chemical properties of the element.
Thus, the electron configurations [Ar] 3 d¢ 452 of the iron
atom and [Kr] 4 d¢ 552 of the ruthenium atom are strictly
analogous, though the chemical behaviour differs to a
larger extent than between nickel and palladium, where
the groundstates of the neutral atoms belong to the
configurations [Ar] 3d® 4s? and [Kr] 4d*°. On the whole,
there has been far too much emphasis on the very lowest
energy level, whereas frequently several configurations
roughly coincide in energy, and it might be theoretically
more justified to consider the baricenters, the average
energies of the configurations corresponding to several

1 C.K.JoRGENSEN, in Halogen Chemistry (V.Gurtmann, Ed.), Vol. 1,
p.265, Academic Press, London 1967.
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However, this problem is related to our subject because
the relative sign of electronegativity of M and X in many
molecules MXy may determine an increase of the oxi-
dation state of M by 2 IV unite. It is possible to discuss?33
the relative plausibility of the distribution of oxidation
states in such cases. Certain central atoms, such as
tellurium (II)3% and iodine (ITT) tend to form bent species
XMX which can be considered as limiting cases of cis-
quadratic MX,Y,. The quadratic species ICl; and XeF,
do not show such a distortion. These 5p?-systems have
a certain similarity with quadratic 4 d8-complexes formed
by palladium (II), and actually, the absorption band

33 C.K.JoRGENSEN, Chem. Physic. Letters 3 (1969) 380.

3 0.Foss, in Selected Topics in Structure Chemistry (P. ANDERSEN,
0.BASTIANSEN and S.FURBERG, editors) p. 145, Universitetsfor-
laget, Oslo 1967.
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intensities 3 suggest comparable deviations on a instan-
taneous picture, as are definitely present in cis-Pd-
(NH,), (H,0)3". The plausibility of H,Te being descri-
bed as a protonic adduct of tellurium(—II) or as a
hydride of Te (II) are about equivalent. In compounds
containing chemical bonds between identical atoms,
such as yellow (OC);MnMn (CO); or perhaps even in
RSSR (the oxidized dimer of RS") it is tempting’ to
introduce conditional oxidation states, reserving an elec-
tron pair for the bonding between two Mn (I) or two
S(II) in the examples. However, it is far from a general
rule that bonds always correspond to one electron pair,
and the oxidation states may become impossible to
define for this reason.

35 L.RasmusseN and C.K.JORGENSEN, Acta Chem. Scand. 22 (1968)
2313.





