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ABSTRACT

The crystal structure of Pb,O(V Oy), has been solved using crystals prepared by high-temperature solid-state reactions. The
compound is orthorhombic, Pnma, a 22.7276(9), b 11.5346(4), ¢ 7.4349(3) A, V 1949.09(13) A3, Z = 8. The structure was solved
by direct methods and refined on the basis of F2 of all unique reflectionsto R1 = 0.029 (WR2 = 0.052), calcul ated for 3052 unique
observed reflections. There are six symmetrically independent Pb?* cationsin the structure of PbsO(V O,)2. The Pb—O bondsin
the PbO,, polyhedrarange from 2.23 to 3.42 A, and can be subdivided into three groups: short bonds (2.15-2.50 A), intermediate
bonds (2.50-2.70 A) and long bonds (>2.70 A). The Pb?* cations each form from threeto five short and intermediate Pb—O bonds
located on one side of the cation, and from three to seven long Pb—O bonds on the other side of the cation. The asymmetry of the
distribution of bonds around the Pb?* cations is due to the stereochemical activity of 6s? lone-electron pairs. The structure con-
tains chains of composition [O4Pbg]®* that involve edge-sharing O(1)Ph, tetrahedra. The chains extend along [010] and are
arranged into layers parallel to (100). The layers of OPb, tetrahedra alternate with layers that contain VO, tetrahedra as well as
Pb(1), Pb(3), and Pb(4) atoms. The structural formula of the compound is Pb,[Pb,0](V O4),, which emphasizes the Pb atoms that
are not bonded to the additional Oyq atoms.
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SOMMAIRE

Nous avons résolu la structure cristalline du composé Pb,O(V O,), en utilisant des cristaux préparés par réactions a |’ état
solide & température élevée. |l Sagit d’un composé orthorhombique, Pnma, a 22.7276(9), b 11.5346(4), ¢ 7.4349(3) A, v
1949.09(13) A3, Z = 8. Lastructure a été résol ue par méthodes directes et affinée en utilisant lesfacteurs F2 detouteslesréflexions
uniques jusqu’ a un résidu R1 = 0.029 (WR2 = 0.052), calculé pour 3052 réflexions uniques observées. Il y a six cations Pb?*
symétriquement indépendants dans la structure de Pb,O(V Oy),. Les liaisons Pb—O des polyédres PbO, vont de 2.2343.42 A; on
peut les subdiviser en trois groupes: les liaisons courtes (2.15-2.50 A), intermédiaires (2.50-2.70 A) et longues (>2.70 A).
Chacun des cations Pb?* forme entre trois et cing liaisons Pb—O courtes ou intermédiaires d’ un coté du cation, et entre trois et sept
liaisons Pb—O plus longues de I’ autre coté. L' assymétrie dans la distribution des liaisons autour des cations Pb?* découle de
I’ activité stéréochimique des paires d’ éectrons isolés 652 La structure contient des chaines de composition [O4Pbg]® qui
impliquent des tétragdres O(1)Pb, a arétes partagées. Ces chaines sont paralléles a[010] et sont agencées en couches parallélesa
(200). Les couches de tétragdres OPh, alternent avec des couches contenant des tétragdres VO, ainsi que des atomes Ph(1), Pb(3),
et Pb(4). Laformule structurale de ce composg, Pb,[Ph,0O](V Oy),, souligne lefait que certains atomes de Pb ne sont pas liés aux
atomes additionnels d’ oxygene, Oqgg-

(Traduit par la Rédaction)
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INTRODUCTION

Recently, Barkov et al. (1999) described the un-
named phase Pb,;V,0q9 from the Kirakkajuppura plati-
num-group-element deposit, Penikat layered complex,
Finland. Barkov et al. (1999) identified the phase on the
basis of chemical analyses and indicated that its pow-
der-diffraction pattern probably corresponds to that of
Powder Diffraction File 26-1163, athough a dearth of
material prevented full characterization.

The phase Pb,V,09 wasfirst described by Shimohira
et al. (1967) in their investigation of the system PbO—
V,0s. Von Hodenberg (1972) reported that it is ortho-
rhombic, space group Pcmn, a 7.435, b 11.53, ¢ 22.76
A. Escobar & Baran (1979) studied the IR spectrum of
Pb4V,09 and found that in the region of V-O stretch-
ing, the spectrum closely resembles that of Pbs(V O,)s.
On that basis, Escobar & Baran (1979) suggested that
the coordination of vanadium may be tetrahedral and
that the formulashould be written as PbyO(V Oy),. How-
ever, details of the crystal structure of the compound
were unknown.

If we assume that the formula Pb,O(V O,), is correct
for the phase in question, it must contain O atoms that
are not bonded to V atoms. Recently, we have demon-
strated that such additional Oy atoms in the structures
of Pb oxide oxysalts are tetrahedrally coordinated by
four Pb atoms, thus forming strong oxocentered OPb,
tetrahedra (Krivovichev & Burns 2000a, b, 2001a, b,
20023, b, 20033, Li et al. 2000, 2001, Krivovichev et
al. 2001). The OPb, tetrahedra preferentially share
edges (in cases, corners) to form topol ogically complex
structural units. The crystal-chemical theory of these
units has been elaborated by Krivovichev & Filatov
(2001) [see Krivovichev et al. (1998) for an earlier and
shorter review].

In this paper, we report the crystal structure of
Pb,O(V Oy),, which was determined for asynthetic crys-
tal prepared by high-temperature solid-state reactions.
In thisstructure, OPb, tetrahedraare not isolated [asone
might expect from the ratio Pb/(Oxq) in the chemical
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formula) but share trans edges to form O,Pb, chains.
Chains of this type are common in the structure of sev-
eral minerals and inorganic compounds, as we review
herein.

EXPERIMENTAL

Synthesis

Crystals of PbsO(V Oy), used in this study have been
prepared by high-temperature solid-state reactions. A
mixture of PbO (1.784 g) and NH,;VOs (0.468 g) was
heated in a platinum crucible to 850°C, followed by
cooling to 300°C over 80 h and then to 50°C over 50 h.
The product consists of dightly greenish white ortho-
rhombic crystals of PbsO(VOy), and afew white crys-
tals of B—Ph3(V Oy), (room-temperature modification).

X-ray data collection

A crystal of PbsO(VOy), selected for data collection
was mounted on a Bruker three-circle diffractometer
equipped witha SMART APEX CCD (charge-coupled
device) detector with a crystal-to-detector distance of
4.67 cm. More than a hemisphere of data was collected
using monochromated MoKa X-radiation and frame-
widthsof 0.3%in . The unit-cell dimensions (Table 1)
were refined on the basis of 7607 strong reflections us-
ing the least-squares techniques. The unit-cell param-
eters are in good agreement with those reported by von
Hodenberg (1972) (following re-orientation of the unit-
cell from the non-standard space group Pcmn to the stan-
dard Pnma). Thethree-dimensional dataset was reduced
and filtered for statistical outliers using the Bruker pro-
gram SAINT. The data were corrected for Lorentz, po-
larization and background effects. An empirical
absorption-correction was done by modeling the crystal
as an ellipsoid, which lowered Ry from 18.8 to 6.5%.
Additional information pertinent to the data collection
isgivenin Table 1.

TABLE 1. CRYSTALLOGRAPHIC DATA AND REFINEMENT PARAMETERS

FOR Pb,0(VO,),
a (A) 22.7276(9) Crystal size (mm) 0.16 x 0.04 x 0.04
b(A) 11.5346(4) Radiation MoKo
c(A) 7.4349(3) Total Ref. 20816
V(A% 1949.09(13) Unique Ref. 4228
Space group Prnma Unique |F,| > 405 3052
Z 8 R, 0.029
u (cm™) 707.17 wR, 0.052
Dy (g/cm’) 7.32 S 0.915

Note: Rl = Z||Fy| - |F|VEIFo|; wR2 = {Z[w(F,’ - FA VEw(FED
w =l/[0%(F,)+aP)* + bP] where P = (F, + 2F.2)/3; s = {Z[w(F,” = F)(n - p)}"”*
where n is the number of reflections and p is the number of refined parameters.
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Sructure solutions and refinements

Scattering curves for neutral atoms, together with
anomal ous-dispersion corrections, were taken from In-
ternational Tables for X-Ray Crystallography, Vol. IV
(Ibers & Hamilton 1974). The Bruker SHELXTL Ver-
sion 5 system of programs was used for the determina-
tion and refinement of the structure. The structure was
solved by direct methods, which gave the positions of
Pb and V atoms. Oxygen atoms were located in differ-
ence-Fourier map calculated after |east-squares refine-
ments of the partial-structure models. The structurewas
refined on the basis of F2 for all unique data. The final
refinement included all atomic positional parameters
with an alowance for anisotropic displacement of all
atoms, and included a weighting scheme of the struc-
ture factors. The refinement converged to an agreement
index (R1) of 2.9%, calculated for the 3052 unique ob-
served reflections (Fo > 4or,), wWith a goodness-of-fit
(S of 0.915. Final atomic positional and displacement
parameters, and selected interatomic distances arelisted
in Tables2 and 3, respectively. Observed and calculated
structure-factors are available from the Depository of
Unpublished Data, CISTI, National Research Council,
Ottawa, Ontario K1A 0S2, Canada.

ResuLTs
Cation polyhedra
The coordination environments of the six symme-
try-independent Pb?* cations in the structure of

Pb,O(VQy,4), are shown in Figure 1. The Pb—O bond
lengths in the PbO,, polyhedra range from 2.23 to 3.42
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A and are subdivided into three groups: short bonds
(2.15-2.50 A), intermediate bonds (2.50-2.70 A) and
long bonds (>2.70 A). The Pb?* cations each form from
three to five short and intermediate Pb—O bonds | ocated
on one side of the cation, and from three to seven long
Pb—O bonds on the other side of the cation. The asym-
metry of the distribution of bonds around the Pb?* cat-
ions is due to the stereochemical activity of 6s?
lone-electron pairs (E) on Pb?* cations. The arrange-
ments of short and intermediate Pb—O bonds can be
described as polyhedral PhOLE configurations, with a
lone-electron s pair E at one of the apical corners.

The polyhedron geometries about the Pb(1), Pb(2),
Pb(5) and Pb(6) atoms are PbO3E pseudo-tetrahedral or
trigonal pyramidal with the E electron pair at the apical
corner. These arrangements are comparable to Se** 05
trigonal pyramids observed in the structures of seleni-
tes. However, in selenites, the effect of the lone-elec-
tron pair is even more pronounced, and thereareno long
Se**~0 bonds opposite the three short Se**—O bonds.
In PbyO(VOy),, the POO3E arrangements are comple-
mented by seven, six, four and four long Pb—-O bonds
for the Pb(1), Pb(2), Pb(5) and Pb(6) atoms, respec-
tively. The strongly bonded portion of the Pb(3) coordi-
nation polyhedron involves a Pb(3)O4E configuration
(Fig. 1). Geometrically, it can be described as an octa-
hedron with two adjacent vertices replaced by the E
lone-electron pair. The PbO4E configuration is comple-
mented by four long Pb—O bonds. The Pb(4) atom forms
five short and intermediate Pb—O bonds, such that the
Pb(4)OsE configuration is described as an octahedron
with one vertex occupied by E. The number of long
Pb(4)—O bonds is three.

TABLE 2. ATOMIC COORDINATES AND DISPLACEMENT PARAMETERS FOR Pb,O(VO,),

Atom _ x y Z Ueq Un Uz Uss U Uiz Uy
Pb(l) 0.33537(2) % 0.66426(6)  0.01871(9) 0.0167(2) 0.0260(2) 0.0135(2) 0 0.0012(2) 0

Pb(2)  0.51139%2) % 0.74882(6)  0.01534(8) 0.0120(2) 0.0205(2) 0.0135(2) 0 0.00075(15) 0

Pb(3) 0.65463(2) Y 0.43025(6) 0.01516(8) 0.0136(2) 0.0166(2) 0.0152(2) 0 0.0010(2) 0

Pb(4)  0.74446(1) 0.02794(2) 0.15225(4) 0.01540(6) 0.0142(1) 0.01759(12) 0.01441(13) -0.00005(10) 0.00085(11) 0.00252(10)
Pb(5)  0.42309(1) 0.00804(2) 0.98922(4) 0.01554(6) 0.0103(1) 0.01733(13) 0.01895(14) -0.00020(11) -0.00064(10) 0.00017(10)
Pb(6)  0.48561(2) 4 0.23909(6)  0.01583(8) 0.0154(2) 0.0185(2) 0.0136(2) 0 0.00072(15) 0

V(1) 0.68318(8) ' 0.8864(2) 0.0111(3) 0.0110(8) 0.0118(7) 0.0106(8) 0 0.0011(6) 0

V(2) 0.59476(5) -0.00380(9) 0.4954(2) 0.0113(2) 0.0100(5) ©0.0110(5) 0.0128(5) 0.0002(5) 0.0005(4) -0.0006(4)
V(3) 0.3219%(7) Y 0.1325(2) 0.0099(3) 0.0093(8) 0.0107(7) 0.0096(8) 0 0.0003(6) 0

o) 0.5037(2)  0.1247(4)  0.9927(7) 0.0148(10) 0.012(2) 0.013(2) 0.020(3) 0.000(2) 0.005(2) 0.001(2)
0(2) 0.7281(2)  0.1313(4)  0.8485(7) 0.0190(11) 0.023(3) 0.016(2) 0.018(3) -0.003(2) -0.002(2) 0.004(2)
0(3) 0.5825(2) -0.1210(4)  0.3579(8) 0.0221(12) 0.027(3) 0.014(2) 0.025(3) -0.006(2) -0.005(3) 0.003(2)
0O(4) 0.5740(2)  0.1221(4)  0.3894(8) 0.0216(12) 0.017(3) 0.016(2) 0.032(4) 0.003(2) -0.007(2) 0.002(2)
O(5) 0.6233(3) % 0.7474(11)  0.024(2) 0.012(4) 0.039(4) 0.020(4) 0 -0.002(3) 0

0O(6) 0.3930(3) 0.0605(11) 0.021(2)  0.010(4) 0.024(4) 0.029(5) 0 0.001(3) 0

Oo(7) 0.6705(2)  0.0107(5)  0.5152(9) 0.0264(13) 0.011(2) 0.036(3) 0.032(4) 0.002(3) -0.004(2) 0.005(2)
O(8) 0.2872(2)  0.1291(4)  0.0547(9) 0.0270(14) 0.025(3) 0.022(3) 0.034(4) -0.014(3) 0.000(3) -0.011(2)
[o1¢))] 0.5623(3)  -0.0227(4)  0.6960(8) 0.0244(13) 0.031(3) 0.026(3) 0.016(3) 0.002(2) 0.011(3) -0.006(3)
O(10)  0.3158(4) % 0.3637(11)  0.031(2)  0.037(5) 0.042(5) 0.015(5) 0 -0.003(4) 0

oD 0.6626(4) 'Y 0.1032(11)  0.028(2)  0.034(5) 0.036(5) 0.014(4) 0 0.000(4) 0
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There are three symmetry-independent V positions
in the structure. All of them are tetrahedrally coordi-
nated by four O atoms each, with the mean <V—-O> bond
lengths of 1.71 A for all three V atoms (the individual
V-0 bond lengths arein therange of 1.677t0 1.735 A).
The VO, tetrahedra are isolated from one ancther, con-
sistent with the chemical formula Pb,O(V Oy),.

OPb, tetrahedra: geometry and mode of linkage

The O(1) atom in the structure of PbyO(V Oy), isnot
bonded to V, whereas each of the other ten form part of
VO, tetrahedra. The O(1) atom forms four short Pb-O
bonds (2.265-2.369 A), resulting in a OPb, oxocentered
tetrahedron. It isimportant to note that only Pb(2), Pb(5)
and Pb(6) atomsare part of the OPb, tetrahedra, whereas
Pb(1), Pb(3) and Pb(4) are coordinated by O atoms of
the VO, tetrahedra only. The mean O—Pb bond length
in the OPby tetrahedronis 2.31 A, whichis quitetypical
of OPby units (Krivovichev & Filatov 2001).

The OPb, tetrahedra share Pb(2)—-Ph(6) and Pb(5)—
Pb(5) edges, resulting in a [O4Pbg]®* chain, depicted in
Figure 2a. The topology of linkage and structural ge-
ometry of the OPb, tetrahedra can be described using
connectivity diagrams. The connectivity diagrams are
based upon Schlegel diagrams, which werefirst adopted
for the description of polyhedron distortions by Moore
(1970). A Schlegel diagramisaplanar projection of nets
of edgesand vertices of athree-dimensional polyhedron.
Thefollowing notations are adopted in order to takeinto
account the linkage of a polyhedron to adjacent ones
(Krivovichev 1997): if a polyhedron shares an edge or
corner with the adjacent one, this edge or corner is de-
noted by a heavy line or circle, respectively. The
Schlegel diagram with respective notations of polyhe-
dron linkages is a connectivity diagram. Recently, we
have demonstrated that analysis of connectivity dia-
grams is useful in investigations of ridigity of dense
sheets of polyhedra in uranyl tungstates (Krivovichev
& Burns 2003b).

The connectivity diagram for the O(1)Pb, tetrahe-
dron in the structure of PbsO(VOy), is shown in
Figure 2b. It has two edges drawn as heavy lines that

. ® o
D ®_ O

.. 4 ) D . .

Ph(1) Pb(2) Pbh(3)
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are shared with adjacent OPb, tetrahedra. Near the cor-
ners of the diagram, O—Pb distances are indicated, and,
near the edges, Pb—Pb distances are given, with Pb—O—

TABLE 3. SELECTED BOND LENGTHS (A)
IN THE STRUCTURE OF Pb,O(VO,),

Pb(1)-010 2.278(8) Pb(6)-O(1),17 2.369(5) 2x

Pb(1)-O(3)a,b 2.392(5) 2x Pb(6)-0(6) 2.488(8)

Pb(1)-0O(2)c,d 2.798(5) 2x Pb(6)-O(4).i 2.731(5) 2x

Pb(1)-0O(6)e 3.224(5) Pb(6)-0O(9)a,b 2.880(5) 2x

Pb(1)-O(")f.g 3.293(5) 2x <Pb(6)-O>

Pb(1)-0(8)e,h 3.401(5) 2x

<Pb(1)-0> V(1)-O(11)e 1.678(8)
V(1)-O(5) 1.710(8)

Pb(2)-0(1).i 2.325(5) 2x V(1)-0(2),i 1.731(5) 2x

Pb(2)-0(5) 2.542(8) <V(1)-0>

Pb(2)-0(3)a,b 2.720(5) 2x

Pb(2)-0(4).i 3.368(5) 2x V(2)-0(9) 1.677(6)

Pb(2)-0(9).i 3.374(5) 2x V(2)-0(3) 1.718(5)

<Pb(2)-0> V(2)-0(4) 1.718(5)
V(2)-0(7) 1.735(5)

Pb(3)-0(4),i 2.373(5) 2x <V(2)-0>

Pb(3)-0(11) 2.438(8)

Pb(3)-0(5)i 2.463(8) 2x V(3)-0(6) 1.703(7)

Pb(3)-0(7),i 2.854(5) 2x V(3)-0(8),i 1.703(5) 2x

Pb(3)-0(8)j.k 3.322(5) 2x  V(3)-010 1.724(8)

<Pb(3)-0> <V(3)-O>

Pb(4)-0(7)1 2.230(5) O(1)-Pb(5)0 2.265(5)

Pb(4)-0(2)1 2.427(5) O(1)-Pb(5) 2.274(5)

Pb(4)-0(8)m 2.484(5) O(1)-Pb(2) 2.325(5)

Pb(4)-O(2)n 2.580(5) O(1)-Pb(6)e 2.369(5)

Pb(4)-O(8)k 2.656(6) <O(1)-Pb>

Pb(4)-O(10)k 3.034(5)

Pb(4)-0(7) 3.185(5) Pb(2)-Pb(5) 3.874(1)

Pb(4)-0(11) 3.187(5) Pb(2)-Pb(5)0 3.856(1)

<Pb(4)-O> Pb(2)-Pb(6)e 3.692(1)
Pb(5)-Pb(5)0 3.505(1)

Pb(5)-0O(1)o 2.265(5) Pb(5)-Pb(6)e 3.641(1)

Pb(5)-0(1) 2.274(5) Pb(5)o-Pb(6)e 4.006(1)

Pb(5)-0(9)o 2.370(6)

Pb(5)-0(3)a 2.894(6)

Pb(5)-0O(6)e 2.922(2)

Pb(5)-O(4)a 3.191(5)

Pb(5)-O(8)e 3.424(5)

<Pb(5)-0>

a=-x+l, -y, -z+1; b=-x+1, y+1/2, -z+1; c = x-1/2, y, -2+3/2;
d=x-1/2, -y+1/2, -z43/2; e = x, y, z+1; f = -x+1, y+1/2, -z+2;
g=1-x, y+1/2, 1/2-z; h = x, -y+1/2, z+1;i = x, -y+1/2, 73

JEXHL2, -y+1/2, 2412 k= x+112, y, -z+1/2; 1 = -x+3/2, -y, z-1/2;
m=-x+l, -y, -z n=x,y z1; 0= -x+1, -y, -z+2; p= x, -y+1/2, z-1.

o O
\ .. @ @ 2 @
o o0 .. ® ..

Pb(5)

Pb(4) Ph(6)

Fic. 1. Coordination of Pb?* cations in the structure of Pb,O(VO,),. Legend: Pb atoms: greenish yellow, O atoms: red. The
Pb?*—O bonds with lengths >2.7, 2.5-2.7, and <2.5 A are shown as single, thin double, and thick double lines, respectively.
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Pb angles provided in brackets. The O(1)Pb, tetrahe-
dron is strongly distorted, which is a consequence of
the sharing of edges with two adjacent tetrahedra. The
Pb(2)—Phb(6) and Ph(5)—Pb(5) distances (corresponding
to the Pb—Pb edges shared with adjacent tetrahedra) are
3.692 and 3.505 A, respectively. The Pb—Pb distances
that correspond to the non-shared Pb—Pb edges are in
the range 3.856-4.006 A, except one Pb(5)—Ph(6) dis-
tance, which is suprisingly short at 3.641 A. The latter
showsthat linkage of the OPb, tetrahedrais not the only
factor that determines the geometry of OPb, tetrahedra;
the effects of their environment should also be ac-
counted for.

The mean Pb—Pb distancein the O(1) Pb, tetrahedron
is3.76 A, which isin good agreement with the average
valueof 3.74 A given by Krivovichev & Filatov (2001).

Bond-valence analysis

The bond-valence analysis for the structure of
Pb,O(VO,), is presented in Table 4. The bond valences
were calculated using parameters given by Krivovichev
& Brown (2001) for the Pb?*—O bonds and by Brown
(2002) for V5*—0O bonds. The bond-valence sums ob-
tained are in good agreement with the values expected
on the basis of the chemical formula

6) Py 6)

Y &
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Description of the structure

The structure of Pb,O(VO,), is shown in Figure 3a
The [O4Pbg]® chains of O(1)Pby tetrahedra extend
along the b axis. These chains are arranged into layers
parallel to (100) (designated A; Fig. 3b). The layersal-
ternate with layers that contain VO, tetrahedra and
Pb(1), Pb(3), and Pb(4) atoms (designated B; Fig. 3c).
The periodicity of the [O4Pbg]®* chain, P, defined asa
number of OPby, tetrahedrawithin the identity period of
the chain, isfour, whereas its ideal periodicity (the pe-
riodicity of a topologicaly similar chain constructed
from geometrically ideal tetrahedra) istwo. Theincrease
inthe periodicity is caused by slight distortions of tetra-
hedrainduced by the arrangement of VO, groups adja-
cent to the chains (Fig. 3b).

Taking into account the composition of the chains
of OPby tetrahedra, the structural formula of the com-
pound should be written as Pb,[Pb,O] (V O,), to empha-
size that there are Pb atoms that are not bonded to the
additional Oy atoms.

Discussion

It is interesting to note that PbyO(VQOy); is not
isostructural with PbsO(POy), (Krivovichev & Burns

(b)

Ph(5)

¥
W
\%
\
&

3.505 (101.1) ™.

a3 ? g

AN iy
AT Ph(S) 0 g0

Ph(2) Pbi6)

3.692 (103.7)

FiG. 2. The[O4Pbg]® chain of edge-sharing OPb, tetrahedrain the structure of PosO(V Oy). (8) and connectivity diagram of its
OPhy tetrahedra (b). For the connectivity diagram, the O—Pb bond lengths are written in green near the corners; the Po—Pb
distances and Pb—O—Pb bond angles (in brackets) are written near the respective edges.

TABLE 4. BOND-VALENCE ANALYSIS (v.u.) FOR Pb,O(VO,),

o(1) 0(2) 0(3) o) 0(5) 0(6) o(7) 0O(8) 0(9) 0(10) ol x

Pb(1) 0.18>” 0.42%7 0.08 0.07*> 0.05>> 0.53 2.05
Pb(2) 048> 021> 0.06*> 031 0.06>” 1.93
Pb(3) 043> 0.36 0.16™ 0.06™> 0.38 2.04
Pb(4) 0.39,0.28 0.58,0.08  0.24,0.35 011> 0.08> 2.11
Pb(5) 0.54,0.53 0.15 0.08 0.14> 0.05 0.44 1.93
Pb(6) 0.44>7 021> 0.34 0.15> 1.94
V(1) 1.22% 1.29 140 513
\0)) 1.26 1.26 1.20 1.41 5.13
V(@3) 1.31 1.31> 1.24 5.17
bS] 1.99 2.07 2.04 2.04 1.96 201 2.09 2.06 2.06 1.99 1.94
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Fic. 3. The structure of PbyO(VOy), projected along the b axis (a) and projections of the A and B layers along thea axis (b and
C, respectively).

TABLE 5. CRYSTALLOGRAPHIC DATA FOR MINERALS AND INORGANIC COMPOUNDS BASED UPON SINGLE CHAINS
OF EDGE-SHARING OPb, TETRAHEDRA*

Chemical Formula )

Mineral Name Space group @ (A) Bi(A) c(A) P P Ref.
Ph,0(SO.) lanarkite C2m 13.769 5.698 7079 11593 2 1
Ph,O(Cr0),) phenicochroite  C2fm 14.001 5675 7.137 11522 2 2
Pb,0(Mo0),)** - CUm 142058 57592  7.2844 114286 2 3
Ph,O(WO,)** CUm 142188 58015  7.3508 113911 2 4
Ph,OFCI Acmm 5.7521 57269 125410 - 2 5
Pb,[Pb,01:Cly,s, (x = 0.63) Frmm? 35.656 58484 16077 2 6
Ph,[Ph,OJ(VO,), - Prma 227276 115346 7.4349 £ 4 7
[Pb,0]Cu(SO,)(0H), H,0 elyite P2ic 14.233 11532 14611 10045 4 g
[Pb,0][Mn(Mg.Mn),(MnMg),CLIOH}(SO)(CO:),]  philolithite***  Pdy/nnm 12.627 =a 12,595 - 6 9

* unit-cell parameter along the extension of the chain is given as bold; P = periodicity of the chain (number of OPb, tetrahedra within the identity period)
##* unit-cell dimensions at 5 K; *** in philolithite, chains of edge-sharing OPb, tetrahedra are parallel to [110].

References: (1) Sahl 1970; (2) Williams er al. 1970; (3) Mentzen et al. 1984; (4) Bosselet er al. 1985; (5) Aurivillius 1977; (6) Krivovichev & Bums 2003¢;

(7) this work; (8) Kolitsch & Giester 2000; (9) Moore er al. 2000.

2003a). In contrast to Pb,O(V O,),, oxocentered OPb,
tetrahedra in Pb,O(PO,), are isolated from each other,
and al Pb atoms are bonded to the additional Oyyq at-
oms.

The chains of edge-sharing XA, tetrahedra (X = an-
ion, usually O* or N3-; A = cation, usually Cu?*, Po?*,
REE, etc.) are common in minerals and inorganic com-
pounds that are based upon anion-centered XA, tetra-
hedra (Krivovichev & Filatov 2001). Chains of
trans-edge-sharing OPb, tetrahedrawere first described
by Sahl (1970) in the structure of lanarkite, Pb,O(SOy).

The crystallographic data for minerals and inorganic
compounds based upon [OpPb,p] 27+ chains are givenin
Table 5. The identity period of the [OpPbyp]?"* chains
in compounds with a P of 2 is in the range of 5.68 to
5.80 A. The [O4Pbg]®* chains (with a P of 4) have been
observed only in the structure of elyite, [Pb,O]Cu(SOy)
(OH)4*H,0 (Kolitsch & Giester 2000), where the iden-
tity period of the chainis 11.532 A, i.e., aimost identi-
cal to that in Pb,O(VOy), (11.5346 A). In the structure
of philolithite, [Pb,Olg[Mn(Mg,Mn)2(Mn,MQg)4
Cl4(OH)12(S04)(CO3)4] (Moore et al. 2000), the chains
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have aP of 6 and their identity periodis17.857 A. Inall
cases, the identity periods are multiples of 2.73 to 2.98
A, which is a distance between the imaginary middle
points of the two opposite edges of a OPb, tetrahedron.
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