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Abstract

Hedyphane, traditionally formulated as (Ca,Pb)s(AsO,4,PO,);Cl, is redefined as
CayPb;3(AsOy4);Cl with Z = 2. The space group is P6i/m with a = 10.140(3) and ¢ =
7.185(4)A. Observed and calculated densities are 5.85 and 5.99 g/cm?, respectively. The
crystal structure has been refined to residuals of 0.062 (weighted) and 0.076 (unweighted)
using 550 reflecticns. Ordering of Ca and Pb on equipoints 4f and 64, respectively, is
complete except for a possible minor amount of solid solution (ca. 1%). Cation ordering in
hedyphane is attributed to a preference by atoms with sterically active electron lone pairs,
e.g., Pb(Il), for the asymmetrically coordinated 6/ site. A study of minerals in the solid
solution series Ca,Pbs_(AsO,);Cl from. Langban, Sweden, and Franklin, New Jersey,
reveals & ack of compositions in the range 2.3 = x = 4.8, implying a miscibility gap in this

region.

Introduction

In the course of a systematic study of lead calcium
arsenate apatites from Franklin, New Jersey, and
Langban, Sweden, two salient features appeared upon
tabulation of the chemical analyses. These features, a
clustering of analyses near the ratio Pb:Ca = 3:2 and a
conspicuous lack of compositions in one region along the
Pbs(As0O,4);Cl-Cas(AsOq);Cl join, suggested that addi-
tional study was warranted. The results of this investiga-
tion, in particular an analysis of the crystal structure of
hedyphane, have resulted in a redefinition of this mineral,
which has heretofore held a rathe: ambiguous position
within the apatite group. The data also permit some
definition of the possible limits of solid solution in the
system Pbs(AsO,);Cl-Cas(AsOy);Cl.

The general formula for the hexagonal (P65/m) apatites
may be written A4B¢(XO4)6Z, in recognition of the fact
that the structure contains two symmetrically nonequiva-
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lent cation sites. The A site corresponds to equipoint 4f
and is coordinated by nine oxygen atoms at the vertices of
a distorted tricapped trigonal prism, whereas the B site
corresponds to equipoint 64 with a coordination number
which depends on the identity of Z. That is, B is coordi-
nated by six oxygen and one Z atom when Z = F or OH
and by six oxygen and two Z atoms when Z = CI, Br, or L.
(The cadmium apatites are exczptions to this rule (Sudar-
sanan et al., 1977)).

The segregation of cations onto two nonequivalent sites
creates a potential for ordering in mixed-cation apatites,
the simplest possible ordering scheme being A;Bs. While
numerous apatites, both natural and synthetic, exist with
this 4:6 ratio (Roy et al., 1978), very few have been
subjected to crystal structure analysis to verify the order-
ing implicit in their formulas. Moreover, such studies as
have been made have often relied upon powder X-ray
diffraction data to deduce the presence or absence of
ordering. In this paper we present a crystal structure
analysis based on single-crystal data to demonstrate
cation ordering of the 4:6 type in hedyphane.
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Table 6. Observed and calculated structure factors for hedyphane
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