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Abstract. For a crystal chemical comparison within the monazite type
structure the crystal structures of SrCrO,, SrSeO,, PbCrO, (crocoite), and
PbSeO, were refined [space group P2,/n, Z = 4; a = 7.065(4), 7.101(2),
7.127(2), 7.154(4) A, b = 7.375(4), 7.340(2), 7.438(2), 7.407(4) A; ¢ =
6.741(4), 6.874(2), 6.799(2), 6.954(4) A ; p = 103.08(4), 103.48(2), 102.43(2),
103.14(4)°]. As expected, in the MeO; , polyhedra the average Sr— O bonds
are slightly shorter than the Pb—O bonds; further the average Me—O
bonds are shorter in the chromates than in the two selenates. In SrSeO,
and in PbSeO, the average Se—O bonds are equal within limits of error
(1.640 and 1.642 A). On the contrary in SrCrO, the average Cr—O bond
is 1.626 A, in PbCrO,4 however 1.663 A. The largest bond length distortions
within the XO, tetrahedra were found in SrCrO, and PbSeQO,; the largest
bond angle distortion occurs in PbCrQ,.

Introduction

A number of compounds with the formula MeXO, and a tetrahedral anion
group XO, (X = P, As, Se, Cr, Si, . ..) were found to crystallize in the
monazite type structure. So do e.g. the minerals monazite, CePO, (Ghose,
1968, Beall et al., 1981), huttonite, ThSiO,, cheralite, (REE, Th, Ca, U) (P,
Si)O, (Finney and Rao, 1967, Bowles et al., 1980), rooseveltite, BiAsO,4
(Bedlivy et al., 1969), or tombarthite, REE(Si,H,),O0;,_x(OH)44,,, O <
x < 4 (Neumann and Nilssen, 1968).
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Crocoite (“Rotbleierz”) is a rare mineral found in the oxidation zones
of lead deposits. Crystallographic data were determined by Gossner and
Mussgnug (1930) and Brill (1931). Gliszczynski (1939) gave a comparison
with monazite. The atomic coordinates of the Pb and Cr atoms in crocoite
were derived by Brody (1942). The crystal structures of crocoite resp.
SrSeO, were determined by Naray-Szabo and Argay (1964) and Quareni
and De Pieri (1964, 1965) resp. by Prévost-Czeskleba and Endres (1984).
Pistorius and Pistorius (1962) gave for the four compounds MeXO, (Me =
Sr, Pb; X = Cr, Se) the X-ray powder patterns, lattice parameters as
well as linear coefficients of thermal expansion and indicated temperature
dependent phase transitions.

An orthorhombic modification of PbCrO, was described by Quittner
et al. (1932) and Collotti et al. (1959) to crystallize in the baryte type
structure.

Experimental

For the refinement of the crystal structure of crocoite natural material from
Dundas, Tasmania, was used. Crystals of SrCrO,, SrSeO,, and PbSeO,
were prepared by hydrothermal reactions in a steel vessel lined with “teflon™
(~ 6 ml capacity). The following reagent grade chemicals were inserted:

(a) for SrCrO, (bright yellow crystals): 2 g of an equimolar mixture of
Cr,0; and Sr(NOs3),,

(b) for SrSeO, (colourless crystals): 2 g Sr(NO3), and 2 ml H,SeO,, and

(c) for PbSeO, (colourless to light brown crystals): 2 g of an equimolar
mixture of SeO, and Pb;0,, 2 ml H,0, (“perhydrol”) were added.

For all charges the vessel was filled up with H,O to about 80 vol%. The
heating period was 48 h at 493(10) K. All the crystals of the title compounds
are elongated parallel to [001]. The crystallographic forms {110} and {111
were observed. The crystals are up to 0.3 mm in length and have an
approximate diameter of 0.1 mm.

For the cell data and for the details concerning the measurements of
the X-ray intensities as well as for the final R values cf. Table 1!. The lattice
parameters for all the four compounds were calculated from accurate 2 0
angles measured on the four-circle diffractometer and were refined by least-
squares techniques. An absorption correction was applied for the measured
intensities (according to empirical y scans for SrCrO,, SrSeO,, and
PbSeO,, and according to the crystal shape for PbCrO,). The atomic
coordinates given by Naray-Szab6é and Argay (1964) were used in the

! Additional material to this paper can be ordered from the Fachinformationszentrum
Energie-Physik-Mathematik, D-7514 Eggenstein-Leopoldshafen 2, FRG. Please quote
CSD 52037, the names of the authors and the title of the paper
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Table 3. The coordination of the Sr and Pb atoms in the monazite type structures. All
distances (in A) up to 3.50 A are given. E.s.d.’s in parentheses. Symmetry operators:
Yyz il —z, 0 —x34yt—z, % —x —++pd—z, b+ xd—pi+z, —t+xi—y—+z
Average Me — O distances are given considering (a) 8-fold and (b) 10-fold coordination
for the Me atoms

SrCrO4 SrSeO, PbCrO, PbSeO,

o)t 2.575(2) 0@)"  2.566(1) 0Q)i  2.532(7) 0Q)i  2.562(5)
04" 2.584(2) o) 2.573(2) 0Q)"™  2.553(6) 0@)"  2.575(6)
0(3)t  2.604(2) 0(3)  2.579(2) o@)"  2.572(6) 0Q)"  2.615(5)
o) 2.619(2) 0Q)" 2.643(2) o(1)!  2.592(8) 0(3)!  2.654(6)
0()"  2.626(3) o) 2.662(2) 0(3)!  2.645(7) o) 2.672(5)
0@)i  2.639(3) 0@)'  2.6752) 0@t 2.677(7) 0@)'  2.712(6)
0Q2)"  2.699(2) 0(2)" 2.725(1) o) 2.687(7) o) 2.715(6)
0(3)  2.762(2) 0(3)'  2.763(1) 0(Q2)"  2.808(6) 0(Q2)* 2.814(6)
02}  2.917(3) 0Q2)' 2.978(2) 0Q)i  3.081(7) 0Q)'  3.151(6)
0(3)" 3.264(2) 03)"  3.286(2) 0(3)"  3.440(7) 0(3)*  3.443(6)
(a) 2.639 () 2.648 (a) 2.633 (a) 2.665

(b) 2.729 (b) 2.745 (b) 2.759 (b) 2.791

starting sets for structure refinements. Their labeling of atoms is main-
tained. Complex scattering functions for neutral atoms were taken from
the International Tables for X-ray Crystallography (1974). The structure
parameters are compiled in Table 2.

Discussion

The coordination of the Me atom within the monazite type structure is not
clear-cut. Beall et al. (1981) indicate nine coordination for the Me atom in
synthetic monazite, CePO,. Nevertheless, in CePO, as well as in the four
isotypic compounds MeXO, with Me=Sr, Pb and X=Cr, Se (cf. Table 3)
ten O atoms have Me— O < 3.50 A. The eight shortest Me — O bond lengths
within each of the coordination polyhedra differ by ~0.20 A for CePO,
and SrX0, and by ~ 0.25 A for PbXO,. Larger gaps are occurring between
the eight and the ninth oxygen atom (from 0.14 A t0 0.34 A) and between
the ninth and the tenth neighbouring O atom (from 0.29 A to 0.40 A). The
coordination numbers of the Me atoms (based on ry.:rx:ro = 1:1:1)
referred to Hoppe (1970) resp. O’Keeffe (1979) are: 7.70/7.76 (SrCrOy,),
7.58/7.61 (SrSe03), 7.60/7.75 (PbCrOy), 7.69/7.94 (PbSeO,) as well as 7.56/
7.58 (CePO,). These values are indicators for the similar coordination
polyhedra of the Me atoms in all these five members of the monazite type
structure.

The geometry of the XO, tetrahedra is given in Table 4. It is worth
mentioning, that the average Se—O bond lengths of 1.640 A and 1.642 A
in the selenate groups of SrSeO, and PbSeO, are equal to each other within
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limits of error, but on the contrary the average Cr—O bond length in
SrCrO, (1.626 A) is significantly shorter than the average Cr—O bond
length in PbCrO, (1.663 A). The same relationships are found for the
volumes of the space filling polyhedra of the X atoms (ry.:rx:ro = 1:1:1):
7.43 A3 (SrSe0,) and 7.46 A3 (PbSeO,), but 7.27 A3 (SrCrO,) and 7.75 A?
(PbCrOy,). In CePO, this value is only 6.03 A3.

It should be mentioned that the volumes of the space filling polyhedra
of the X atoms as well as those of the Me atoms increase from SrCrO,
(Vs: = 14.93 A3) to SrSeO, (Vs, = 15.15 A?); for the lead compounds the
increase of the volumes of the space filling polyhedra of the Pb atoms from
PbCrO, (15.13 A?) to PbSeO, (15.69 A?) do not correlate with the decrease
of those of the X atoms. Depending on the effective ionic radii of Cr®**!
(0.26 A) and Se®*™1 (0.28 A) resp. Sr2*1191 (1.36 A) and Pb>*119 (1.40 A)
(Shannon, 1976) one would have to presume a larger selenate tetrahedron
as compared with the chromate tetrahedron. Definitely for the chromate
and selenate tetrahedra in PbXO, these two values are interchanged.

The distortion of the XO, tetrahedra can be expressed by the “mean
quadratic elongation” (Robinson et al., 1971, Fleet, 1976): The bond length

4

distortion is defined as 4 =4 Y, [(R;— R)/R]? (R; is the individual X —O

i=1
bond length and R is the average X—O bond length). This parameter
calculated for the four title compounds is 2.9 x 10~# (SrCrQ,), 0.6 x 10~ #
(SrSe0y), 1.0 x 10~ * (PbCr0O,), and 2.4 x 10~* (PbSeO,). The bond angle
6

variance for the tetrahedron is defined as 62 = 1 ). (0;,—109.47) (6; is the

i=1
individual O—X—O angle). ¢? is 8.48 (SrCrO,), 12.42 (SrSeQ,), 10.45
(PbCrO,), and 19.43 (PbSeO,). For CePO, the distortion of the PO,
tetrahedron can be described with the distortion parameters A = 0.2 x 10~ #
and ¢? = 16.31.

Considering only the eight shortest Me—O bonds, all the four
crystallographically different O atoms are coordinated to one X atom and
to two Me atoms. The Me — O — Me angles then vary from 107.6° to 123.9°;
one of the two kinds of Me — O — X angles around each oxygen atom varies
from 96.3° to 111.1°, the other one varies from 129.1° to 143.0°. Very flat
pyramids are built around the atoms O(1) and O(4) (sum of the three angles
at the O atoms from 356.4° to 360.0°). The atoms O(2) and O(3) in addition
build the ninth resp. tenth Me — O bond (the sum of angles at these O atoms
for the three nearest cations varies from 344.1° to 356.1°).

The r.m.s. amplitudes for all the individual atom types are quite similar
in the four title compounds. The thermal motion of the Me and X atoms
is only weakly anisotropic: the ratio longest by shortest r.m.s. amplitude
varies for all these atoms from 1.11 to 1.24. For the O atoms these values
vary from 1.33 to 1.86.
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