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The Structure of the Pby,—* Ion
Sir:

Zintl, et al.,! found evidence from potentiometric
titrations in liquid ammonia solutions for a number of

compounds involving group IV and V elements in
unusual oxidation states. The compounds suggested

were
N a4Pb7
Na4Sng Na4Pb9
NagAs NazSh Na;Bi
Naa ASa Naasba NaaBia
Naa ASa Nas B15
NaaAS7 Na3Sb7

It was suggested that these could be thought of as the
most negative possible ions (e.g.,, Pb—* or As—?) sur-
rounded by 2, 4, 6, or 8 neutral atoms, but no detailed
structural suggestions were put forth. They deter-

mined the sodium:heavy element ratio, so that NajAs;,"

for example, is more correctly formulated (NaAs),.
With the trivial exceptions of NasAs, Na;Sh, and Na;Bi,
none of the electronic arrangements in these compounds
is known. More recently, Marsh and Shoemaker?
determined the crystal structure of NaPhb, a compound
not on the above list, and found tetrahedral Pby—*
groups. They suggested the possibility of two tetra-
hedra sharing a corner for Pb;™* and three tetrahedra
sharing three corners for Pby™4.

Both of the structures suggestéed for Pbs™* can be
argued against. The eightfold coordination of Pb°
around Pb—* suggested by Zintl involves two diastically
different ‘kinds of lead atoms, which seems unlikely.
The Pbs~* ion found by Marsh nnd Shoemaker has an
electronic arrangement that is more or less normal,
similar to that of P, while the proposed Pby—*, con-
sisting of three tetrahedra cyclically arranged, does not.
The lack of a normal bonding arrangement does not
make this proposal incorrect but it does say that the
proposal does not follow from the Pb,~* arrangement.

It 1s suggested here that the structure of the Pby~—*
ion can be assigned by analogy to be the same as that
of Bip™. Hershaft and Corbett? determined the
crystal structure of “bismuth monochloride” (actually
[Bis] [BiCl5]4[BisCls], the stoichiometry is BigCly) in
which they found Big*® groups of Dy, symmetry with
all Bi atoms approximately equidistant from the center
of the group. The structure is shown in Fig. 1.

(1) E. Zintl, J. Goubeau, and W. Dullenkopf, Z. physik. Chem., A1B4,
1 (1931).

(2) R, E. Marsh and D. P. Shoemaker, Acte Cryst., 6, 197 (1953).

(3) A. Hershaft and J. D. Corbett, J. Chem, Phys., 86, 551 (1962),

CORRESPONDENCE 305

Fig. 1.—~Probable shape of the Pby~¢ion. With the exception
of the vertical lines the lines shown connect nearest neighbors,
The threefold axis of the figure is shown,

The Big*® group is isoelectronic with the Pb,—*
group, and it seems very likely, therefore, that it is also
isostructural. A qualitative one-electron LCAO molec-
ular orbital treatment* of the twenty-seven p-orbitals
on the nine atoms shows that a reasonable arrangement
of eleven pairs can be found. Since no quantitative
calculations were made, it does not seem worthwhile
to include the details here.

If this structure is correct, it would suggest that
structures for the other ions Zintl found might be
among the compact spherical arrangements possible®
for five® and seven spheres.
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