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Valence, coordination number, and PAV cells in metallic rare earth compounds 

F. L. Carter 

Naval Research Laboratory, Washington, D.C. 20375, USA 

Abstract. — Polyhedral atomic volumes, Voronoi volumes, generalized coordination numbers, and Pauling's 
metallic valences are given for 24 intermetallic rare earth compounds. The results clearly indicate that as much 
as 33 % rare earth isovalent volume contraction can occur upon compound formation while the atomic volumes 
of aluminum and the transition elements are nearly constant. 

Earlier discussions of bond formation in rare earth 
compounds [1-5] using Pauling's metallic radii [6] 
and the bidirectional orbital approximation [7] have 
strongly suggested that the effective radius of the rare 
earth atoms is surprisingly variable and may even be 
anisotropic in some SmCo5-type [4] and Laves 
phase [5] compounds. The power of these methods, 
i.e. Pauling's metallic radii (PMR) and the bidirec
tional orbital approximation (BOA), combined with 
the concept of the Voronoi cell [8], is indicated not 
only by the prediction [4] of the unstability of the 
SmCo5 structure [9], but even to the likely nature 
of one of the SmCo5-type distortions. For the first 
time this paper demonstrated conclusively for a variety 
of rare earth intermetallic compounds that the wide 
variations of volume contractions in intermetallic 
compound formation is due almost wholly to the 
rare earth atoms. This is possible because the approach 
permits the calculation of individual atomic volumes, 
i.e. the calculation of Polyhedral Atomic Volumes 
(PAVs), through the self-consistent application of 
PMR to the structural data. 

A Voronoi cell [8] is constructed for an atom with 
planes perpendicularly bisecting the interatomic dis
tances. For atoms of unequal size PAV cells are simi
larly formed with the planes bisecting the distance 
between the surfaces of the atoms (even if over
lapping). Here the radii of the atoms are taken to 
be the single bonded radii R\ of Pauling [6, 7] which 
are a function of hybridization, valence and charge. 
In Pauling's semiempirical approach the valence Vt 

of the z'th atom is the sum of the bond orders ntj 

obtained from the interatomic distances dtJ via the 
formula : 0.60 log ni} = R\(i) + Rl(j) - diy The 
valence, Vi = YJ nip is then the number of bonding 

electrons employed by the atom. In order to apply 

PMR self-consistently it was necessary to increase 
the rare earth metal (/-character and hence decrease 
the rare earth radius R\ as observed previously [4, 5]. 
It was not found necessary or useful to vary the transi
tion metal (/-character. 

From table I it is seen that the PAVs for Al and the 
transition metals are quite constant, with small 
ranges, for a variety of valences and coordination 
numbers CNV. These non-integer CN are based on a 
mathematical generalization of the concept of CN 
using in this case the volumes (V) of the various 
pyramids comprising the PAV cells [10]. 

Table I. — Aluminum and transition metals. 

Al 
Co 
Ni 
Pd 
Pt 

R\ 

1.248 
1.162 
1.155 
1.280 
1.294 

Valence 

2.5-3.3 
3.1-5.5 
3.4-4.6 
3.4-5.8 
3.5-5.0 

PAV 
Range 

17.2-18.3 
11.5-12.8 
12.1-13.6 
16.0-18.1 
17.0-19.0 

PAV 
Av. 

17.38 
12.29 
13.06 
17.04 
18.06 

CNV 

9.8-11.9 
8.2-12.2 
8.7-12.0 
8.5- 8.8 
9.6-11.9 

However for the rare earths of table II we note that 
the PAV ranges can be very large, indicating that 
the rare earth is undergoing the maior part of the 
contraction and not the transition metal during 
compound formation. Thus Sm in Sm5Co2 and SmCo2 

has a 29.2 % volume difference, Gd in Gd3Co and 
Gd2Co7 , a 33 % difference, and Ho in Ho2Al and 
Ho1 2Co7 , a 26.9 % difference. To indicate that this 
is not an artifact of the PMR calculations we note 
that this difference is also strongly reflected in the 
Voronoi volumes as well where the atoms have 
zero size. We also note that this is not an effect of 
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Résumé. — On présente les volumes atomiques polyédriques, les volumes de Voronoi, les nombres de coordina
tion généralisés, et les valences métalliques de Pauling pour 24 composés intermétalliques des terres rares. Les 
résultats montrent clairement qu'une contraction de volume, à valence constante des terres rares atteignant 33 % 
peut se produire lors de la formation du composé, tandis que les volumes atomiques d'aluminium et des éléments 
de transition sont presque constants. 
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Table 11. - Rare earth and yttrium. 

Valence 
- 

3.4-4.4 
3.1-3.3 
1.6-3.0 
2.6-3.6 
3.1-3.6 

4.3 
3.2-4.4 

3.3 
2.5-3.6 

3.5 
3.2-3.3 

PAV 
- 

22.2-24.0 
22.7-32.2 
3 1 .O-36.6 
21.1-32.7 
26.8-27.1 

24.1 
21.5-29.4 
20.9-23.8 
20.7-25.2 

24.3 
24.7-25.3 

(*) Compounds : Ce,Ni,,, Sm,Co,, SmCo,, SmCo,, Eu,Pd,, 
Gd3A12, GdAI,, Gd,Co, Gd,Co,, GdNi, Gd,Pd,, TbNi(LT), 
TbNi(HT), DyAI,, Ho2A1, Ho,,Co,, HoAI,, HoCo,, Er,Co,.,, 
YbMoAl,, YbPt, Yb,Pt,, LuNi, YAI,. 

electronegativity difference as a 21 % contraction 
in Ho PAV volume exists between Ho,Al and HoA1,. 
Figure 1 illustrates a similar contraction for cobalt 
compounds as a function of composition (or partial 
coordination number [9, 101) as well as the constancy 
of the cobalt volume. 

For the cobalt rich compounds SmCo,, SmCo,, 
Gd,Co, and HoCo, is was necessary to assume an 
anisotropic rare earth radius in order to achieve 
PMR self-consistency. Thus the Sm-Sm bonds in 

PAV VS COMPOSITION 

Fig. 1. - Rare earth and cobalt PAV's are plotted as a function 
of the parameter x for the compounds of composition RCo,. 
The dotted line is the average cobalt PAV. 

SmCo, and the basal plane Sm-Co bonds in SmCo, 
were associated with a much shorter Sm radius as 
if much higher d-character (or possible $character) 
was involved in the bonding. From a chemical bonding 
picture (BOA) these have been rationalized [3-51 
as a result of hybridization and anisotropic shielding. 
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