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On the optimization of bond-valence parameters:
artifacts conceal chemical effects

We recently proposed that calculated bond-valence sums, BVS, represent a non-
integer structural valence, “*"™“'V”, rather than the integer-value stoichiometric
valence, ““"V. Therefore, the usual attempts to ‘optimize’ bond-valence
parameters r, and b by adjusting them to *““"V are based on the false
assumption that numerical values of *™'V and ***"V are always equal. Bond-
valence calculations for several compounds with stereoactive cations Sn', Sb™"
and Bi'" reveal the balanced distribution of the bonding power ™'V between
atoms of each structure.

In a recent paper we described the linear correlation
(BVS), = E'|®| + F' (1)

between the values of the polyhedron-eccentricity parameter, ®, and
the bond-valence sum, BVS, for cations with one lone electron pair
(LEP; Wang & Liebau, 2007). The bond-valence sums are calculated
with the well known bond-valence formula

(BVS), = 55 = ) expllry — D;)/b]. (@)

i

Here D;; are the experimental bond lengths, r, and b the empirical
bond-valence parameter values from Brown & Altermatt (1985) and
Brese & O’Keeffe (1991). (BVS); is usually assumed to be equal to
the classical integer-number stoichiometric valence *“"V; of the
element under consideration. In a communication recently published
in this journal, Sidey (2008) concluded that the correlations described
by us are probably an artifact of poorly determined bond-valence
parameters. He further pointed out that by using the bond-valence
parameters of Brown & Wu (1976), a better fit between the calculated
BVS values and the values of the stoichiometric valence "V, can be
achieved for some of the cations with one LEP. There have been
reports in which the bond-valence parameter values were modified in
order to eliminate some significant deviations between the calculated
BVS and the values of SV, for specific bond types, without thor-
oughly analyzing structural reasons for the deviations. The
improvement in fitting which is claimed is often achieved by
increasing the number of variables from one to two (Burns et al., 1997,
Krivovichev & Brown, 2001; Locock & Burns, 2004; Palenik et al.,
2005; Sidey, 2006; Malcherek & Schliiter, 2007; Sidey et al., 2008). As
briefly pointed out (Wang & Liebau, 2005, 2007), such ‘optimization’
of bond-valence parameters, which is based on a specific type of
coordination polyhedra that are separated from whole structures,
may simply shift the problem from one type of atom to another in the
structures, because the underlying chemical reasons are not
addressed.

If the large observed deviations between the values of BVS and the
stoichiometric valence of the lone-pair cations are caused by incor-
rectly calculated bond valences for their bonds, the corresponding
deviations should also be seen in the BVS values of the anions
bonded to them. Table 1 lists calculated BVS values for eight
compounds from Tables 2 and 3 of Sidey (2008). It can be seen that
when the Brese & O’Keeffe (1991) parameters are used, the calcu-
lated BVS values for the oxygen anions do not show any abnormal
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Table 1
BVS values calculated using the Brese & O’Keeffe (1991) and Brown & Wu (1976)
bond-valence parameters.

Deviations of BVS from the stoichiometric valence are given in parentheses. Values with
less than 10% deviation are marked in bold.

BVS(v.u.)
Compound ICSD code Atoms Brese & O’Keeffe Brown & Wu
Na,SnO; 49624 Snl 2.733 (+37%) 2.077 (+4%)
Nal 0.532 (—47%) 0.456 (—54%)
Na2 0.853 (—15%) 0.840 (—16%)
Na3 0.859 (—14%) 0.848 (—15%)
Na4 0.849 (—15%) 0.713 (—29%)
o1 1.978 (—1%) 1.669 (—17%)
02 1.858 (—=7%) 1.594 (—20%)
03 1.990 (—1%) 1.670 (—17%)
Na;SbO; 23346 Sbl 3.724 (+24%) 3.123 (+4%)
Nal 0.883 (—12%) 0.862 (—14%)
o1 2.124 (+6%) 1.903 (-5%)
K;SbO; 279579 Sbl 3.434 (+14%) 2.910 (—3%)
K1 0.902 (—10%) 0.831 (—17%)
K2 0.904 (—10%) 0.839 (—16%)
K3 0.702 (—30%) 0.731 (—27%)
o1 1.987 (—1%) 1.770 (—12%)
Cs3SbO; 279580 Sbl 3.388 (+13%) 2.876 (4%)
Csl 0.881 (—12%) 0.867 (—13%)
Cs2 0.878 (—12%) 0.863 (—14%)
Cs3 0.845 (—15%) 0.736 (—26%)
o1 1.997 (0%) 1.781 (—11%)
Na;BiOs 23347 Bil 3.307 (+10%) 2.692 (=10%)
Nal 0.862 (—14%) 0.852 (—15%)
o1 1.964 (—2%) 1.749 (—13%)
K;BiO; 407293 Bil 3.227 (+8%) 2.634 (—12%)
K1 0.929 (—7%) 0.893 (—11%)
o1 2.004 (0%) 1.771 (—12%)
Rb;BiO; 407294 Bil 3.324 (+11%) 2.705 (—10%)
Rbl 0.718 (—28%) 0.607 (—39%)
Rb2 0.906 (—9%) 0.802 (—20%)
Rb3 0.889 (—11%) 0.789 (—21%)
o1 1.946 (—3%) 1.634 (—18%)
Cs;BiO; 406563 Bil 3.471 (+16%) 2.813 (—6%)
Csl 0.818 (—18%) 0.716 (—28%)
Cs2 0.843 (—16%) 0.838 (—16%)
Cs3 0.911 (—9%) 0.888 (—11%)
o1 2.014 (+1%) 1.752 (—13%)

deviations from the stoichiometric valence values. Instead, the posi-
tive deviations of BVS values for the lone-pair cations are largely
counterbalanced by negative deviations for the alkali cations in the

Figure 1

The coordination of the Nal cations in the structure of Na,SnO; (Nowitzki &
Hoppe, 1984). Open and solid circles represent O and Sn atoms, respectively. Two
lone electron pairs of Sn atoms, drawn schematically, complement the tetrahedral
coordination of Nal.

structures. Similar results are also found for other compounds with
lone-pair cations, including those in Tables 2 and 3 of Sidey (2008).
The chemical reasons for such cooperative deviations were
previously interpreted as being due to the transfer of bonding power
from the alkali cations to the lone-pair cations by the lone electron
pairs (Wang & Liebau, 2005). The asymmetric distribution of the LEP
around the core of the p-block cation withdraws negative charge from
the core and leaves the more positive charge of the core exposed to
the bonding anions. This leads to the enhanced bonding capability of
the lone-pair cation. The stereoactive LEP with its negative charge
may join the coordination sphere of other cations such as the alkali
cations shown in Figs. 1 and 2. In Na,SnO; and Rb;BiO3, the positive
charge of an alkali cation is partially balanced by the negative charges
of two or three LEPs of the p-block cations, respectively. Thus, the
bonding power of the alkali cations is reduced, because the LEPs
transfer bonding power from the alkali cations to the surrounding
lone-pair cations. Although usually an LEP cannot be located
through X-ray crystal-structure refinement, its effect is reflected in
the calculated BVS values of the involved atoms. This is similar to the
situation in O—H- - - X hydrogen bonds if the H atom is not located.
Table 1 shows that a replacement of the bond-valence parameters of
Brese & O’Keeffe (1991) by those of Brown & Wu (1976) simply
shifts the ‘overbonding’ of the lone-pair cations to ‘underbonding’ of
the oxygen anions, with little change for the alkali cations. Appar-
ently, any ‘optimization’ of bond-valence parameters, which is based
on lone-pair cation-centered polyhedra without taking into consid-
eration the bonding-power change, will lead to results similar to those
obtained when the parameters of Brown & Wu (1976) are used. The
degree of change of the bonding power of the atoms owing to LEP
depends on the specific structures, but does not depend on the stoi-
chiometric valence of the atoms. If in such cases one insists on a fit
between calculated BVS and the stoichiometric valence, a cation—
cation bond with a bond valence that must be counted negative for
the lone-pair cation but positive for the alkali cation may be assumed.
Such treatment has been proposed for coordination complexes such
as [Cu(NO,)q]*", where the Cu atom is octahedrally coordinated by
six N atoms (Brown, 2002, p. 37).

However, it was recently shown (Liebau & Wang, 2008a) that in
the isostructural series of garnet-type phases Ln}!Tey'LilO,,, where
the trailing Roman-number superscripts describe the stoichiometric
valence values of the corresponding atoms, the calculated BVS values
of the lanthanide atoms do not represent their integer-value stoi-

Figure 2

The coordination of the Rbl cation in the structure of Rb;BiO; (Zoche & Jansen,
1997). Open and solid circles represent O and Bi atoms, respectively. Three lone
electron pairs of Bi atoms, drawn schematically, complement the octahedral
coordination of Rbl.
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chiometric valence +III. Instead, these non-integer BVS values are
equivalent to the valence values that were calculated by Strange et al.
(1999) with quantum-chemical methods for Ln in their sulfides and in
their metallic state. Moreover, both calculated (BVS), , values for the
garnet-type phases and quantum-chemically calculated Ln valence
values show the same irregular variation with atomic number as the
third ionization potential of Ln. This proves that the stoichiometric
valence, "V, and the bond-valence sum, BVS, are two distinct
properties useful for describing the bonding power of atoms. In order
to avoid confusion, we proposed to use the term ‘structural valence’
and the symbol "'V for the bonding power of atoms in a compound
which is represented by the structure-based BVS, and the symbol
stoichy/ for the composition-based stoichiometric valence (Liebau &
Wang, 2005).

Since "°"V and "™V are two distinct properties and since BVS is
related to ™'V and not to "V, any attempt to reduce differences
between BVS and ***V in specific structures by ‘improving’ ro and b
by fitting calculated BVS values to the integer-number "V, is based
on the false assumption that "V and "™V are equivalent.

The fact that in the majority of structures the bond-valence para-
meters g and b of Brown & Altermatt (1985) and Brese & O’Keeffe
(1991) nevertheless lead to good agreement between BVS and **<'V,
although they are derived under the false assumption BVS o< *°hy,
is due to the following reason. These ry and b values are based on a
large number of accurately determined structures in which the
majority of atoms have bonding-power values close to the mean value
of their kind, averaged over all structures. The values of these
parameters can in fact be derived by scaling the mean bonding power
of the atoms to their stoichiometric valence. For atoms having
bonding-power values equal to the mean value of their kind, the
numerical values of ™V and "V are equal, although they have
essentially different meanings (Liebau & Wang, 2005, 2008b). In the
calculation of bond-valence parameters, two types of structures
should be considered:

(i) in structures in which values of ™'V are equal to those of
stoichy, BV'S values are numerically equal to the values of "V for all
the atoms in the structures.

(ii) in structures with at least some atoms for which ™'V deviates
considerably from >V, due to reasons such as electronic and steric
effects, BVS values should reflect the differences between ™'V and
stoichy/ sroportionally.

Apparently, only for type (i) structures can fitting BVS to ***"V lead
to correct bond-valence parameters. The errors in the bond-valence
parameters of Brown & Altermatt (1985) and Brese & O’Keeffe
(1991) that are caused by type (ii) structures are likely not substantial
because of the relatively small percentages of such structures.
Therefore, BVS values calculated using these parameters are good
estimates for "'V, and can be used for screening structures of type
(i) or close to type (i) for further refinement of these parameters.

In conclusion, systematic differences between calculated values of
BVS and "V, observed for structures such as those containing lone
pair cations, are reflections of the differences between the values of
struety and S*"V caused by electronic and steric effects. Such differ-
ences cannot be explained by inaccuracy of the bond-valence para-
meters. Refinements of bond-valence parameters should be based on
values of ™'V instead of "V’

XW thanks Professor A. J. Jacobson for his continuous support.
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