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A new nine-coordination geometry has been discovered. Monazite-type compounds, such as LrPQO,
(Ln = La, Ce, Pr, Nd, Sm, Eu, and Gd), LnAsO,(Ln = La, Ce, Pr, and Nd), a-PbSeQ, (Rooseveltite),
BiPO,, PbCrO, (Crocoite), a-PbSeQ,, PuPQ,, LaVO,, SrCrO,, SrSeQ,, and ThSiO,, exhibit this new
nine-coordination geometry. The new geometric form is best described as a pentagonal interpenetrat-

ing tetrahedral polyhedron (PITP).

The purpose of this communication is to
report the establishment of a new nine-co-
ordination system. The new system is com-
monly observed in monazite-type com-
pounds with the chemical formula
MXO,, where M is a metal ion and XO;, is
a tetrahedral-type counterion. This new
ninefold coordination geometry contains a
central metal ion surrounded by five oxy-
gen atoms on an equatorial plane, with two
oxygen atoms above and two oxygen atoms
below the pentagonal plane. These apical
oxygen atoms are tetrahedrally arranged.
This new nine-coordinated system was first
encountered while gathering structural data
on monazite-type lanthanoid orthophos-
phates (LnPQy). This structural information
is being employed at the Oak Ridge Na-
tional Laboratory to relate crystal morphol-
ogy to the stability and strength of poly-
crystalline ceramics so as to generate new
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host materials for the safe disposal of nu-
clear wastes (7).

Previously, there were only two nine-
coordination geometries reported in the lit-
erature, the monocapped square antiprism
(MSAP) and the tricapped trigonal prism
(TTP). Recently, it has been verified that
the synthetic lanthanoid orthophosphates
(LnPOy, where Ln = La, Ce, Pr, Nd, Sm,
Eu, and Gd), which crystallize in a mona-
zite-type structure (monoclinic, P2,/n, No.
14), have the new ninefold geometry. The
stereochemistry associated with the rigidity
of monoclinic LnPO, is best described as a
pentagonal interpenetrating tetrahedral
polyhedron (PITP) with a point group sym-
bol of C (Fig. 1). The tridecilateral polyhe-
dron contains 9 vertices, 20 edges, 12 trian-
gular faces, and 1 guadrilateral face. A
detailed dialectical description of PITP,
MSAP, and TTP may be found elsewhere
24).

Besides the LnPO, series, numerous
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F16. 1. (a) LnPO, coordination group showing C,
symmetry. (b) Idealized PITP (pentagonal interpene-
trating tetrahedral polyhedron) demonstrating the
plane of symmetry, C;.

other compounds isostructural with the
monazite-type structure have the new nine-
coordination geometry (PITP). Some of

these compounds include: «-BiAsO,

(Rooseveltite), BiPO,, LaAsO,, CeAsO,,

PrAsO,, NdAsQ4, PbCrO; (Crocoite),
TABLE I

CeLL DIMENSIONS OF MONAZITE-TYPE COMPOUNDS

a b c B

Compounds (A) A) A) ©) Ref.
LaPO, 6.825(4)  7.057(2)  6.482(2)  10321(4) 2
CePO, 6.7773)  6.993(3)  6.445(3)  103.54(4) 7
PrPO4 6.7413)  6.961(4)  6.416(3)  103.633) 4
NdPO4 6.722(1)  6.9333)  6390(2) 103.722 4
SmPO, 6.66%(1)  6.868(2)  6.351(1)  103.92(2) 3
EuPO, 6.639(3)  6.823(3)  6.318(3)  104.00(4) 3
GdPO, 6.621(2)  6.823(2) 6.310Q2) 104.162) 3
LaAsOq 7.0078 7212 6.7670 104.48 8
CeAsOy 6.9596 7.1576 6.7378 104.72 8
NdAsO, 6.897 7.094 6.6849 104.90 8
PrAsOq4 6.929 7.119 6.715 104.80 8
LavVO, 7.047(1)  7.286(1)  6.725(1)  104.85(1) 9
a-BiAsO, 6.879(1)  7.15%(1)  6.732(1)  104.84(1) 10
SrSe0, 6.853(1)  7.35)(I)  7.1022)  103.43(1) I

7.087(4)  7.317(4)  6.862(8)  103.55(5) 12
a-PbSeO, 7.1533)  7.433)  6.957(3)  103.27(5) 12
PbCrOy 7.118(4)  7.434(4)  6.794(4)  102.42(3) 12, I3
SrCr0, 7.081(10)  7.388(10) 6.771(10) 103.42(8) 12
BiPO, 6.752 6.933 6.468 103.70 8
PuPO, 6.73 7.00 6.42 103.80 8
ThSiO; 6.784(2)  6.974(3) 65003) 104.9203) I4
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SrCrO4, PuPO,;, oa-PbSeQ4, SrSeQq,
ThSiOQ4, and 1.aVO,. A comparison of cell
parameters of the monoclinic MXO4 com-
pounds having a monazite-type lattice is
presented in Table I.

One important feature of these monazite-
type compounds is that the repulsion
method of points-on-a-sphere (5, 6), which
has been so successful in explaining the ge-
ometry of coordination compounds, fails to
predict the existence of this particular geo-
metric structure. The failure of the points-
on-a-sphere method can be understood
quite readily. The forces exerted on the
pentagonal plane by the two oxygen atoms
above the plane cannot balance the forces
exerted by the two oxygen atoms below the
plane, due to their tetrahedral arrangement.
In order to restore equilibrium, according
to the points-on-a-sphere method, the pen-
tagonal plane has to be destroyed produc-
ing either a MSAP or a TTP. Since the ex-
perimentally determined structure around
the nine-coordinated metal ion shows a

F1G. 2. Monoclinic MXO,: a stereoscopic drawing
showing the interlocking mechanisms of the chain-like
strands. (The large solid circles represent central metal
ions (M), while the large open circles are X atoms and
the small open circles are oxygen atoms.) For clarity,
the stereoview displays only two surrounding strands
instead of five.
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pentagonal plane with an interpenetrating
tetrahedron, the obvious conclusion is that
the traditional repulsion method of points-
on-a-sphere is inadequate in describing the
interactions between all nine oxygen at-
oms. The rigidity associated with the PITP
geometry of these monazite-type structures
may be attributed to the bidentate bonding
of the tetrahedral anionic groups. The lan-
thanoid metal atoms are apically and rigidly
linked together in a chain-like fashion by
the bidentate bonding. The apical bidentate
bonding accounts for four of the nine oxy-
gen atoms in the nine-coordinated polyhe-
dron. The five remaining equatorial oxygen
atoms forming the pentagonal plane of the
polyhedron are bridged to five surrounding
chain-like strands (Fig. 2). The bridging se-
cures and supports the pentagonal plane in
a locking-device manner so that planarity
exists with negligible distortion. This inter-
action is termed the ‘“‘locking effect.”

A theoretical and experimental research
program related to this new and interesting
nine-coordination system is ongoing.
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