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Pentapotassium sodium hexasulfatodicerate(lll)

KsNa[Ce,(SO,)s] contains two Ce"" ions, cross-linked via two
oxygen and four sulfate bridges, a unique configuration for
cerium sulfates. Each cerium is (8 + 2)-coordinated by O
atoms of four sulfate groups by bidentate linkages.

Comment

Various cerium sulfates have been described in the last three
decades. The most common coordination numbers of cerium
are eight and nine. Cerium ions are connected via different
kinds of oxygen bridges. The most common cross-linkage is
through a sulfate group, whose tetrahedron shares corners
with two cerium polyhedra, Ce—O—S—0O—Ce. Another
kind of cross-linkage occurs by bidentate coordination of
oxygen through sulfate groups, Ce —O—S—0O—Ce (Dereigne
et al., 1972) or oxo anions, Ce—O—Ce (Lindgren, 1976).
Bidentate connection to the sulfate group is common and the
Ce—0,—S—0, coordination can be described as a ‘petal of a
flower’. The number of petals varies from two (Kuznetsov et
al., 1986) to four (Shan & Huang, 1998). This formation results
in edge-sharing of a cerium polyhedron and a sulfate tetra-
hedron.

In the crystal structure of the title compound, there are two
Ce atoms that are cross-linked through two oxygen bridges
and two sulfate bridges (Fig. 1). This is a unique configuration
for cerium sulfates. The two oxygen bridges form a plane
shared by the cerium coordination polyhedra. The bonding
distance of Ce—0O4 is 2.724 (1) A, which is considered too
long, but can be explained by the three coordinated O4 atoms
having a bridging nature to two sulfate groups. Although
three-coordination is more frequent for an O atom in water
molecules, this phenomenon has been observed in other
cerium sulfates (Dereigne et al., 1972). As a result of these two
kinds of bridges, a binuclear unit is formed and it shares a total

Figure 1
Part of the structure of [Ce,(SOy)s]*~, with the large spheres representing
cerium.
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Figure 2
The linked coordination polyhedra of [Ce»(SO4)s]* .

Figure 3
The network of cerium sulfate units surrounded by alkali metal ions.

of six sulfate groups with surrounding units. Each cerium is
(8 + 2)-coordinated by O atoms, and the Ce—O coordination
includes four bidentate sulfate units, where two sulfate groups
are also shared by the other Ce atoms. This is illustrated with
two sulfate tetrahedra, which share two edges on each side
with the binuclear cerium polyhedra (Fig. 2). The remaining
sulfate tetrahedra share all corners with cerium polyhedra.
The sulfate cross-linkage forms an infinite system of cerium
binuclear units along the a axis; this is surrounded by two
layers of alkali metal counter-ions, one on each side.

Experimental

Ce™(80,),-4H,0 (1.5 g, 3.75 mmol) was dissolved in water (10 ml)
and precipitated with 15 M ammonia, in the expectation of forming
Ce(OH),. The product was washed with water and then dissolved in
12 M HCI. The cerium solution was mixed with K,CrO,. After the
mixture was allowed to evaporate, plate-shaped light-yellow single
crystals were formed. ESEM/EDX analysis revealed sulfur and
sodium, which were traced to the starting materials Ce(SO,),-4H,O
and K,CrO, (presumably impure), respectively. The crystals were
identified as KsNa[Ce,(SO,)q] by X-ray diffraction.

Crystal data

KsNa[Ce,(S0,)6]
M, =1075.09
Monoclinic, C2/m

D, =3286Mgm™
Mo Ko radiation
Cell parameters from 7272

a=92117(2) A, reflections

b =163725(4) A 0 =2.5-32.9°
c=77207 (2) A u=58 mm™"
B =111.059 (1)° T=173(2)K

V =1086.65 (5) A® Plate, yellow
Z=2 0.30 x 0.10 x 0.05 mm
Data collection

Siemens SMART 1K CCD area-
detector diffractometer

1998 independent reflections
1852 reflections with I > 20(I)

w scans R;, = 0.032

Absorption correction: multi-scan Omax = 32.9°
(SADABS; Sheldrick, 2002) h=-14—- 13
Tinin = 0.269, Ty = 0.745 k=-24—24

9019 measured reflections [=—-11— 11

Refinement

Refinement on F>
R[F?* > 20(F?)] = 0.020
wR(F?) = 0.051

S =1.06

1998 reflections

95 parameters

w = 1/[o*(F,%) + (0.0262P)*
+ 2.4852P]
where P = (F,” + 2F%)/3
(AI6) max = 0.003
ApPmax = 128 ¢ A™3
Appin = —1.87e A3

Table 1 .

Selected geometric parameters (A).

Cel—03' 2.4953 (17) Cel—06 2.6594 (18)
Cel—03" 2.4953 (17) Cel—04" 2.7244 (12)
Cel —Q2 2.5225 (16) Cel—04 27244 (12)
Cel—02 2.5225 (16) S1—01 1.459 (2)
Cel—05 2.6172 (17) S1—02" 1.4904 (16)
Cel—05'" 2.6172 (17) S1—02 1.4904 (16)
Cel—06'" 2.6594 (18) S1—04 1.494 (2)

Symmetry codes: (i) 3+x,3—y.z; (i) I—xi—y,1—z (i) 1—xy1—2z (iv)
1—-x,1=y,1—zV)x,1—y,z

Atom K2 shows rather large displacement parameters. An attempt
was made to split the site, but the refinement was unstable. Both the
highest peak and the deepest hole on the difference electron-density
map are situated in the vicinity of atom K2, at distances of 1.13 and
0.48 A, respectively.

Data collection: SMART (Siemens, 1995); cell refinement: SAINT
(Siemens, 1995); data reduction: SAINT and SADABS (Sheldrick,
2002); program(s) used to solve structure: SHELXTL (Bruker, 2001);
program(s) used to refine structure: SHELXTL; molecular graphics:
DIAMOND (Brandenburg, 2000); software used to prepare material
for publication: SHELXTL.
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