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structural geometry with that of the isostructural 
Cr 3+ (d 3) cryolite. While in the latter compound, as 
in the A1 and Fe cryolites, the M E  6 octahedra are 
nearly regular (Cr--F 1.900-1.907A), the MnF6 
group is elongated with Mn--Fax = 2.018 and a 
mean Mn--Feq = 1.880 A (Table 2, Fig. 2a). In terms 
of relative bond strengths (Massa & Babel, 1988) the 
axial bonds are weakened by 23%. Nevertheless, this 
remarkable effect is the smallest among all known 
structures with ordered statically distorted MnF6 
groups. The reason must be the weak coupling of the 
quasi-isolated (MnF6) groups in the lattice. One-, 
two-, three-dimensional connection leads to a 
stronger cooperative Jahn-Teller effect. Comparing 
the geometry of the (MnF6) units to that in other 
sodium fluoromanganates, for instance, we find in 
the chain compound Na2MnF5 axial/mean equa- 
torial M n - - F  bond lengths of 2.109/1.849 A (Massa, 
1986) and in the layer structure of NaMnF4 2.167/ 
1.839 A (Molinier, Massa, Khairoun, Tressaud & 
Soubeyroux, 1991). The ordering of the elongated 
octahedra is ferrodistortive. The long axes point 
roughly towards the c axis but are inclined at about 
20 °, similar to the Cr compound (Fig. 1). Owing to 
the n-glide operation, the octahedra on the comers of 
the unit cell and at the centre are inclined to each 
other by 18.7 ° (Cr 18.5°). Nal has a weakly distorted 
octahedral coordination, while the Na2 cation has an 
eight-coordinated surrounding of F - i o n s  best 
described as a distorted bicapped trigonal prism 
(Table 2, Fig. 2c). 

We thank cand. chem. M. GeBner for his help in 
preparing the crystals, the Deutsche Forschungs- 
gemeinschaft and the Fonds der Chemischen Indus- 
trie for financial support. 
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Abstract. Dibarium dicopper tetrasilicate, 
Ba2Cu2Si4Ol2, Mr = 706.1, tetragonal, I4/mmm, a = 
7.0515 (20), c = 11.1503 (30) A, V = 554.4 (4) A 3, Z 
= 2, Dx = 4-228 g cm -3, A(Mo Ka) = 0.71073 ~,  /x 
= 113.0 cm-1, F(000) = 644, T = 300 K, final R = 
0.0300 for 97 unique reflections [313 observed with 
IFol>3cr(IFol)]. The structure contains isolated 
cyclic [Si4012] 8- groups, Si--O(1) = 1.570 (10), 
Si---O(2)= 1.602(4)A in the ring system. The 
copper cation is square coordinated by four O(1) 
atoms, Cu- -O(1)=  1.925 (11)A. The barium cation 

is surrouned by a square antiprism formed by eight 
O(1) atoms, Ba---O(1)= 2.930 (5)A, and four 0(2) 
atoms at 3.263 (8) A. 

Introduction. The title compound is the second 
barium copper silicate obtained during our studies of 
the chemcial reactivity of the '1-2-3' type supercon- 
ductors. Results on the synthesis and crystal struc- 
ture of BaCu2Si207 which was obtained in the 
reaction of YBa2fu307-x with SiO2 in the presence 
of Bi203 have been published previously (Janczak, 
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Kubiak & Gtowiak, 1989, 1990). The present work 
describes a structural investigation of the cyclic 
dibarium dicopper tetrasilicate, Ba2Cu2Si40~> 

Experimental. Crystals of B a 2 C u 2 S i 4 O l 2  w e r e  

obtained in the reaction of YBa2Cu307_x with PbO 
and Na202 in the molar proportion 1:2:1. The mix- 
ture was pelletized, evacuated and sealed in a quartz 
tube. The pellets were first heated at 873K for 1 d, 
and then for 4 h at 1173K and finally quenched in 
air. At the high temperature the mixture reacted with 
the tube walls and Ba2CuaSiaOI2 was formed as the 
major phase. A violet spherical crystal with radius 
0-05 mm (density not measured) was used for inten- 
sity data collection on a Siemens diffractometer with 
graphite-monochromatized Mo Ka radiation. Pre- 
liminary examination by rotation and Weissenberg 
photographs revealed the systematic absences hkl: h 
+ k + 1 = 2n + 1. Space group 14/mmm was used in 
the structure solution and refinement. Lattice param- 
eters were refined by a least-squares fit of 15 reflec- 
tions in the range 15 ___ 20 ___ 25 °. 313 reflections [with 
IFol > 3~r(lfol)] were measured in the range 3-5 _< 
20 ___ 40 ° using the o)--20 scan technique with scan 
speed 1.01-9.77 ° min-1 and scan width 1.1 °. The hkl 
range was h 0 ---, 6, k 0---, 6, l - 10---, 10. Two stand- 
ard reflections (400 and 402) were monitored every 
40 reflections. They showed no significant intensity 
variation. The measured intensities were corrected 
for Lorentz and polarization effects. A spherical 
absorption correction was applied, # R  = 0.57, the 
transmission factors were in the range 0.42-0.44. 97 
independent reflections (Rin t = 0.0401) were used in 
subsequent calculations. The structure was solved 
by the Patterson method (Ba and Cu atoms) 
(SHELXS86; Sheldrick, 1986), and the remaining 
atoms were located from Ap maps. The structure was 
refined by the full-matrix least-squares method 
with anisotropic temperature factors (SHELX76; 
Sheldrick, 1976) [0(2) had an unreasonably high 
thermal-motion parameter for U33 , viz. 0"201 (20) A 2, 
and this may involve some disorder of the ring]. An 
empirical secondary-extinction correction was 
applied according to the formula F c o r - - F ( 1 -  xF2/ 
sin0), where x converged to 0.00107 (28). The func- 
tion minimized was Y.w(Ifol-IFcI) 2 with w =  
41.9135/o-2(F). Final R = 0.0300, wR = 0-0347 for 20 
refined parameters, (A/o')max = 0"001. Residual elec- 
tron density in final difference Fourier map within 

- 1.11 and 1.10 e ,~- 3. Scattering factors including 
corrections for anomalous dispersion were taken 
from International Tables for X-ray Crystallography 
(1974, Vol. IV). Figures were drawn with PLUTO78 
(Motherwell & Clegg, 1978) and ORTEP (Johnson, 
1965). All calculations were preformed with an IBM 
PC/AT. 

Table 1. Final atomic coordinates and equivalent 
isotropic thermal parameters Ueq, with e.s.d.'s in 

parentheses 

Ucq = (I/3)Y./Zj Ui~ai*aj*a, .aj .  

x y z Ucq(/~, 2) 
Ba 0 0.5 0.25 0"0160 (4) 
Cu 0.5 0"5 0.1225 (3) 0.0090 (10) 
Si 0.2245 (5) 0-2245 (5) 0 0"0103 (11) 
O(1) 0-3070 (11) 0.3070 (11) 0.1199 (8) 0-0513 (26) 
0(2) 0 0.2594 (23) 0 0.0700 (70) 

Table 2. Selected &teratomic distances (•) and bond 
angles (o), with e.s.d. 's in parentheses 

Si--O(I) 1-570 (10) Cu---Cu' 2.733 (6) 
Si--O(2) 1.602 (4) Ba---49(l) 2-940 (5) 
Cu---O(I) 1-925 (1 !) Ba--O(2) 3-263 (8) 

O(1)--O(2) 2.566 (9) 

O(l)--Si--O(2) 108.0 (3) O(l)--Si---O(l)' 116-8 (8) 

Bond angles in the [Si4Oj2] 8 ring 
O(2)--Si--O(2)" 108.0 (3) Si--O(2)--Si'" 162-4 (6) 

Symmetry code: (i) x ,  y ,  - z; (ii) y ,  x ,  z; (iii) - x ,  y ,  z .  

: l ' I 

iBa ~ ' I c 

Fig. 1. A packing stereodiagram of molecules of  the title com- 
pound.  

Discussion. Final positional parameters and isotropic 
temperature factors are given in Table 1,* and inter- 
atomic distances and angles in Table 2. A stereo- 
drawing of the contents of the unit cell is shown in 
Fig. 1. 

The characteristic feature of the structure is the 
existence of isolated cyclic [Si4012] 8- groups. Four 
c o r n e r - s h a r i n g  S iO4  tetrahedra form a ring around 
the fourfold axis. All the bridging bonds are 
Si--O(2) with a bond distance of 1.602 (4)A. The 
remaining eight O(1) atoms lie in planes perpendicu- 
lar to the ring plane. The non-bridging Si--O(1) 
distance [1.570 (10) A] is shorter than in other tetra- 
silicates (Simonov, 1960; Malinovskij, 1983; Jakovicz 

* Lists of structure factors and anisotropic temperature factors 
have been deposited with the British Library Document  Supply 
Centre as Supplementary Publication No. SUP 54019 (3 pp.). 
Copies may be obtained through The Technical Editor, Interna- 
tional Union of  Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. [CIF reference: AB0183] 
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Fig. 2. View of the barium coordination by O atoms. 

& Simonov, 1985). The bond angles O---Si---O and 
Si---O---Si in the ring are equal [107.6(3) ° and 
162.4 (5) ° , respectively]. Each barium and copper 
cation is coordinated by eight and four O(1) atoms, 
respectively, forming a three-dimensional network. 
The Cu 2÷ cation is located at site symmetry 4mm, 
with four O(1) atoms (each from a different 
[Si4012] 8- group) forming a square coordination 
with Cu--O(1) 1.925 (11) A = . This value is compa- 
rable to the Cu--O distances in other copper silicates 
(Pabst, 1959; Kawamura & Kawahara, 1976). The 
Ba 2÷ cation is surrounded by a regular square anti- 

prism of O(1) atoms with Ba- -O(1)=  2-940 (5)A. 
There are four 0(2) atoms outside this polyhedron at 
3.263 (8) A (Fig. 2.) 

The authors are indebted to Professor Z. 
Gatdecki, Technical University of L6d~, Poland, for 
the opportunity to collect data in his laboratory. 
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Abstract. Ce3Rh2Ge2, Mr=771"35, orthorhombic, 
La3Ni2Ga2 type, oP28, (57) Pbcm-e2d2c,  a= 
5.7001 (9), b=8.099(1) ,  c =  13.461 (3) A, V= 
621.4 (1)/~3, Z = 4, Dx = 8.244 Mg m -a, A(Mo g a )  
= 0.71073 A, /z = 35.492 mm -1, F(000) = 1312, T =  
293 K, wR=0-022 for 725 contributing unique 
reflections. Isotypes are found for R3Rh2Ge2 with R 
= Y, La, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Tm and 
Lu. The structure is characterized by infinite columns 
of trigonal-prism blocks along the c axis, each block 
being rotated with respect to its two neighbours by 
180 ° around the column axis and shifted by ~c. Every 
block consists of three rectangular-face-linked trigo- 
nal prisms which are centred by Rh or Ge atoms. 
These columns are linked to neighbouring columns 

0108-2701/92/010010-04503.00 

in a way similar to the linkage of the trigonal-prism 
columns in the FeB structure. Ignoring the difference 
in the site occupation of the prism centres the 
La3Ni2Ga2 type can be considered a slab-stacking 
variant of the Y3Co3Ga type. The geometrical rela- 
tion between these types corresponds to that already 
described for the FeB and CrB structure types, 
allowing the use of the same transformation equa- 
tions for the cell parameters. 

Introduction. In the system. Ce-Rh-Ge only ortho- 
rhombic CeRhGe with TiNiSi type was known 
(Hovestreydt, Engel, Klepp, Chabot & Parthr, 1982), 
but a comparison with the large number of phases in 
the rare-earth-Fe group-Si systems led us to expect 
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