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Nature and Notation:
Ewens-Bassett Numbers and

Oxidation States of

Inorganic Compounds

Christian K. Jorgensen* and George B. Kauffman

Abstract: The Roman numerals used in the Stock nomenclature system and their recent
development into oxidation states as members of various Kossel isoelectronic series are
compared with the Ewens-Bassett (E-B) numbers. The admittedly restricted area in which
E-B numbers are superior to the other notations of inorganic nomenclature is discussed
and delineated. In cases where insufficient structural data do not permit an unambiguous
decision between molecular and ionic species, the use of the coordination number (N) is

advocated.

In the gaseous state at reasonable pres-
sures and temperatures (e. g., below 20 atm
and 1000°C) and in the absence of electric
discharges, pure compounds (as well as
their mixtures) conform closely to the
predicted behavior for ideal gases'. Under
these circumstances, it is also appropriate
to say that the gas consists of molecules,
though effects of partial oligomerization
are well known for NO,, HF, and acetic
acid vapor. Partly because of the impor-
tance of distillation (and, more recently, of
gas chromatography and mass spectrome-
try) for the organic chemist, and partly
because of the long conservation time of
isomers and enantiomers, it is a prevalent
belief that «all compounds consist of mole-
cules». Since the majority of all com-
pounds are organic, it is beyond doubt
that most compounds indeed consist of
molecules, but it is also true that the major-
ity of carbon-free compounds in con-
densed phases (liquids or vitreous, amor-
phous, and crystalline solids) do not con-
tain well-defined neutral molecules, and
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furthermore, that such systems very fre-
quently are non-stoichiometric. The cubic
fluorite-type oxides (ThO,) and fluorides
(CaF,) can incorporate large amounts of
trivalent elements by a statistically disor-
dered anion deficit (e.g., Th,,La O, . ) or
excess (e.g., Ca, Y,F,. ). Another type of
non-stoichiometry is charge compensation
of constituents with comparable ionic
radii; the replacement of Na'+ Si'V by
Ca" + Al"™ is commonplace in rocks.
Many coordination compounds clearly
consist of polyatomic cations and anions.
Such a situation also occurs in salts such as
[N(CH,),]®°[B(C(H,),]°, but organic no-
menclature has chosen to emphasize neu-
tral molecules, disregarding, for example,
the fact that the guanidinium ion C(NH,)$
is much more usual than guanidine or that
cyclopentadienide C;HP is a versatile li-
gand. Another problem for molecules not
bearing any overall charge can be the tau-
tomeric mobility of protons, as found in
zwitter-ions of amino acids approaching
the intrinsic dipole of  betaine
(CH,),NCH,CO,. Generally, inorganic no-
menclature has been a pragmatically much
less urgent task and has remained far less
amenable to systematic rules because of
the much smaller number of compounds
involved, the frequent lack of detailed
knowledge of the structure of many com-
pounds, and the wider variety in properties
of a hundred odd elements compared to
that of the relatively few elements pre-
dominant in organic compounds.
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At present, two major strategies applied
in attempts to obtain a reasonably coher-
ent inorganic nomenclature of salts of
polyatomic cations and anions are: (1)
Stock oxidation states, written with
Roman numerals either as superscripts
(such as PbyPb"YO, in minium or S™'SV'0Q%®
in thiosulfate) or in parentheses (such as
Pt(1v) and CI(-1) in PtCI2® or Mn(vi) and
O(—n) in MnOp); and (2) Ewens-Bassett
numbers giving the charge of a cation or
anion in units of the protonic charge e. [We
are not fully convinced that it is helpful to
continue the usage of indicating ionic
charges as (3+) and (2—) rather than the
algebraic expressions (+3) and (—2) with
the sign before the integer, but this note
should not be overloaded with these con-
troversial arguments]. In any case, the
Ewens-Bassett ™ numbers first proposed in
1949 have been incorporated® into the
«Definitive Rules 1970 issued by the
[ITUPAC] Commission on the Nomen-
clature of Inorganic Chemistry» as a legiti-
mate alternative to the oxidation numbers
of individual atoms. Thus, it is clear that
species such as S;® and I9 are better de-
scribed as tetrasulfur(2+) and penta-
iodide(1—) ions and that calling
K,Cu(CCH), potassium triethynylcu-
prate(2—) avoids the need for justifying the
alternative name, potassium triethynylcu-
prate(1), according to the Stock system.
However, the 1970 rules would permit
K,(NC),NiNi(CN), to be called potassium
tricyanoniccolate(2—) as long as its dimeric
nature is uncertain.

In many cases of metal complexes with
sulfur-containing  ligands™ such as
M(S,C,R,):® and M(S,C,R,)%®, it is safer to
write Ewens-Bassett numbers (2—), (1-),
and (0) rather than M(11), M(1m1), and M(1v)
for the rectangular coordination of two
bidentate ligands (having the trivial name
maleonitrilodithiolate for R = CN) or
M(v), M(v), and M(v1), respectively, for
the trigonal prismatic coordination of
three ligands of the type colloquially said
not be «innocent»!¥. However, it is impor-
tant to realize that the justification for
Ewens-Bassett (E-B) numbers stands or
falls with the plausibility of dissecting a
compound into cations and anions. Evi-
dence for such a separation can be ob-
tained from physical properties (e. g., elect-
rical conductivity and Raman spectra) of
solutions in water (or other highly polar
solvents) or from «chemical bonds» much








