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Abstract 
The structure of hexagonal dicobalt dipotassium tri- 
seleni te ,  K2Co2(SeO3)3, is composed of CoO6 octahe- 
dra ,  KO9 polyhedra and two crystallographically 
different types of pyramidal SeO3 groups. Pairs of 
face-sharing C006 octahedra are linked via the SeO3 
groups forming [Co2(5eO3)3] 2-  layers parallel to 
(0001), which are connected by the K atoms. This 
new structure type is closely related to the 
buetschliite-type compounds KzM(XO3)2 (M = Ca, 
Mg with X = C, and M = Co, Mn with X = Se). 

Comment 
Single crystals of K2Co2(SeO3)3 were  obtained as a 
by-product in experiments aimed at the hydrother- 
real synthesis of the zemannite-type compound 
K2Co2(SeO3)3.2H20 (Wildner, 1993), starting with 
appropriate mixtures of Co(OH)> K2CO3, SeO2 and 
H20 in synthesis (i) (giving both compounds) or Co 
powder, H:SeO3, KOH and H20 in synthesis (ii) 
[giving only K2Co2(SeO3)3] in closed teflon-lined steel 
vessels at - 4 9 3  (5) K (6 d). X-ray intensity data 
were collected from a crystal obtained by synthesis 
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Fig. 1. Projection of the title structure along a direction slightly 
inclined to [11~0], showing the environment of the K atom. 
Only one of the two Se2 positions related by the mirror plane 
parallel to (0001) is randomly occupied. 

(ii) and the structure was solved by interpretation of 
a three-dimensional Patterson function and a subse- 
quent Fourier synthesis. The atomic arrangement is 
illustrated in Fig. 1. 

All cations occupy sites with 3m symmetry. The 
CoO6 octahedra share faces via the 02 atoms 
forming Co209 dimers. The repulsion between two 
neighbouring Co atoms [Co...Co = 2.957 (1) A] 
results in an off-centring of the Co atoms along the 
threefold axis and in markedly different distances to 
O1 and 02. The mean Co--O distance (2.123 A) is in 
the usual range and correlates with the expectations 
from the observed bond-length distortion (Wildner, 
1992a). The CoO6 octahedra share all their corners 
with SeO3 groups, thus forming [Co2(5eO3)3] 2-  
double-octahedral layers parallel to (0001). The Sel 
atoms are one-sided pyramidally coordinated to 
three O1 atoms with usual interatomic bond lengths 
and angles (Hawthorne, Groat & Ercit, 1987; Fischer 
& Zemann, 1974); the Se apices and their lone-pair 
electrons point towards the centre of the layers. The 
Se2 atoms have an occupancy factor of only 0.5 and 
are randomly distributed on one of two positions 
[Se2-..Se2 ' =  1.237(2) A] symmetrically related by 
the mirror planes parallel to (0001) which contain the 
02 atoms. The Se2--O2 distances are very short and 
the pyramids are extremely flattened compared to the 
average shapes of SeO3 groups reported in the litera- 
ture (Se O =  1.709A, O--Sc O =  100.2°; Haw- 
thorne, Groat & Ercit, 1987). This structural feature 

Acta Crvstallographica Section C 
ISSN 0108-2701 ~'~!994 



M. WlLDNER 337 

might be caused by a dynamic  transit ion of  the Se2 
atom between the two related positions, thus yielding 
atomic coordinates which are shifted towards the 
mirror  plane. Anisotropic displacement parameters 
of the Se2 atom, however, indicate nearly spherical 
motion and are, therefore, in contradict ion to this 
explanation. Another  reason might  be the repulsion 
between electrons of  the K atoms and the lone-pair 
electrons of  Se2, which are directed towards the K 
atoms along the threefold axis; the Se2 and K atoms 
are separated by only 3.161 (2) A. An increase in this 
distance seems to be impeded by the opposing influ- 
ence of  a short K - - C o  contact of  3.529 (2) A. The K 
atoms are nine-coordinated with three shorter a n d  
six longer bonds to O1 atoms and connect conse- 
cutive [Co2(5eO3)3] 2- layers. The mean K---O dis- 
tance (2.906/k) is in good agreement with crystal 
chemical expectations. 

The structure of K2Co2(SeO3) 3 is closely related to 
the structures of buetschliite, K2Ca(CO3)2 (Pabst, 
1974; Knobloch,  Pertlik & Zemann,  1980; Effen- 
berger & Langhof,  1984), and the buetschliite-type 
compounds  K2Mg(CO3)2 (Hesse & Simons, 1982), 
K2Co(SeO3) 2 (Wildner, 1992b) and K2Mn(SeO3) 2 
(Wildner, 1992c). In K2Co(SeO3)2, for example, 
[C0(5eO3)2] 2- single-octahedral layers (containing 
unshared C006 octahedra with 3rn point  symmetry) 
are connected by K atoms, analogously to 
K2Co2(SeO3) 3. The absence of  Co209 dimers and, 
therefore, of  repulsion effects between neighbouring 
Co atoms leads to significantly increased ca t ion-  
cation distances along the threefold axis in K2Co- 
(5eO3)2 [Co' . 'K = 3.594 ,/~, K- . .Se( -Se2)  = 3.240 ,~,]. 
Accordingly, the strong flattening found for the SeO 3 
pyramid in K2Co(SeO3)2 is still much  weaker than 
that observed for the corresponding polyhedron of 
Se2 in the title compound.  Furthermore,  shorter 
cation--cation contacts in K2Co2(SeO3)3 result in 
reduced distances between the O-atom levels of  con- 
secutive octahedral layers [3.368/k, as compared to 
3.436 A, in K2Co(SeO3)2] and in less pronounced 
differences between shorter and longer K----O bonds 
[0.117A in the title compound,  but 0.243 A in 
K 2 C o ( S e O 3 ) 2 ] .  

Experimental 
Crystal data 

K2Co2(SeO3)3 Mo Ka radiation 
Mr -- 576.94 A = 0.71073 
Hexagonal Cell parameters from 52 
P63 / mmc reflections 
a = 5.486 (1) .~, 0 = 15-22 ° 

-1  c = 17.574 (3) ,~, # -- 16.01 mm 
V = 458.1 (3) ~3  T = 295 K 
Z = 2 Forms {0001} and {0]-12} 
Dx = 4.183 Mg m -3 0.18 x 0.18 x 0.12 mm 

Pink 

Data collection 
Stoe AED-2 four-circle 

diffractometer 
20-w scans 
Absorption correction: 

empirical 
Train = 0.05, Tmax = 0.11 

4366 measured reflections 
434 independent reflections 
394 observed reflections 

[Fo > 3cr(Fo)l 

Rim = 0.063 
0m~x = 35 ° 
h = - 9 - - - ' 9  
k = 0 - - + 9  
l = -28 --+ 28 
3 standard reflections 

frequency: 120 min 
intensity variation: +0.6% 

Refinement 

Refinement on F 
R -- 0.038 
wR = 0.034 
S -- 4.12 
394 reflections 
24 parameters 
w = 1/cr2(Fo) 
(A/o')max < 0.001 
Apmax = 0.72 e ~-3 
mpmin = - 1 . 0 9  e ,a, -3 

Extinction correction: 
Zachariasen (1967) 

Extinction coefficient: 
6.8 (3) x 10 -5 

Atomic scattering factors 
from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (tk 2) 

Ueq= 1 4 ~[U33 + ~(UII  + U22 - UI2)I.* 

x y 
K 1/3 2/3 
Co !/3 2/3 
Sel 0 0 
Se2t 1/3 2/3 
Ol 0.1599 (3) -0 .1599 (3) 
02 0.4969 (4) -0 .4969 (4) 

z Ueq 
0.03494 (10) 0.0255 (5) 
0.66586 (5) 0.0145 (3) 
0.13913 (3) 0.0129 (2) 
0.21480 (6) 0.0116 (3) 
0.5958 (2) 0.0180 (10) 
I/4 0.0185 (14) 

* Fischer & Tillmanns (1988). 
f Occupancy factor of 0.5. 

Table 2. Selected geometric parameters (,A,, o) 
K--OI  2.828 (2) 3x OI- -O1 2.631 (3) 3x 
K- -OI  2.945 (1) 6x  O1--O1 2.8~55 (3) 6x  

OI- -O1 3.695 (5) 6x  

Co- -Ol  2.057 (2) 3× O1--O1 2.885 (3) 3x 
Co--O2 2.188 (1) 3x 0 2 - - 0 2  2.794 (5) 3x 

O1--O2 3.162 (3) 6x  

Sel--O1 1.699(I) 3x  O1--O2 3.631 (3) 3x 

Se2--O2 1.673 (2) 3 x 0 2 - - 0 2  2.692 (5) 3 x 

O 1 - - C o - - O l  87.9 (1) 3x O I - - S e l - - O l  101.5 (1) 3x 
O2- -Co- -O2  79.3 (1) 3x O2--Se2--O2 107.1 (2) 3x 
O1- -Co- -O2 96.3 (1) 6x  
O I - - C o - - O 2  174.2 (4) 3x  

The Se2 atoms have an occupancy factor of 0.5 and are randomly 
distributed on position 4(/) of space group P63/mmc. Prelimi- 
nary X-ray investigations included long-time-exposed rotation 
and Weissenberg photographs, which showed no indications of 
superlattice reflections. Programs used were STRUCSY (Stoe & 
Cie, 1984) and ATOMS (Dowty, 1991). 
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The author thanks Professor E. Tillmanns and Dr H. 
Effenberger for helpful comments. 

Lists of structure factors and anisotropic displacement parameters have 
been deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 71571 (4 pp.). Copies may be ob- 
tained through The Technical Editor, International Union of Crystallog- 
raphy, 5 Abbey Square, Chester CH1 2HU, England. [CIF reference: 
SH 10671 
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Structure of CePdAI 

structure found, for example, in CeNiA1 and 
HoNiAI (Dwight, Mueller, Conner, Downey & 
Knott, 1968), CeNiGa (Yarmolyuk, Gryn & 
Gladyshevskii, 1979), and ScRuSi and ScTGe (T = 
Ru, Rh, Pd or Os) (Hovestreydt, Engel, Klepp, 
Chabot & Parth6, 1982). 

The sample was synthesized by arc melting the 
constituent elements under purified Ar in a water- 
cooled copper hearth. Traces of a second phase were 
detectable on the Guinier powder photograph taken 
with Cu Ka~ radiation. All crystals found in the 
crushed ingot were intergrown or twinned. The best 
crystal, which showed only slight twinning, was used 
for the data collection. 

The structure consists of strongly distorted hexag- 
onal close packing (ABAB) of Ce and AI atoms with 
all the Ce atoms in the A layers, all the AI atoms in 
the B layers, and with one third of the Pd atoms 
inserted in the ,4 layers and two thirds [Pd in 2(d)] 
inserted in the B layers. Thus, each Pd atom in a l(a) 
site is located at the centre of a trigonal prism of AI 
atoms [at a distance of 2.685 (6) A] and has three Ce 
neighbours in the equatorial plane at 3.038 (2) A. Pd 
in 2(d), on the other hand, is at the centre of a 
similar polyhedron formed by six Ce atoms at 
3.025 (1)A and three AI atoms at 2.859 (6)A. The 
nonequivalence of the l(a) and 2(d) sites was dis- 
cussed by Rundqvist & Jellinek (1959), who predic- 
ted that ternary phases would exist with an ordered 
Fe2P-type structure (their unit cell is shifted by z = ~). 
The AI atom is surrounded by a tetragonal pyramid 
of five Pd atoms, while the Ce atom is surrounded by 
a tetrahedron of four Pd atoms. The structure of 
CePdAI is a further example which obeys the rule, 
demonstrated by Hovestreydt et al. (1982) in the 
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Abstract 
The cerium palladium aluminide, CePdAI, was found 
to crystallize with a hexagonal ZrNiAl-type struc- 
ture, which is an ordered Fe2P-type derivative. 

Comment 
The structure determination of CePdAI was carried 
out as part of an investigation of L n T X  compounds 
(Ln = rare-earth element, T = transition-metal 
element, X =  B-group element). The structure of 
CePdAI was found to crystallize in the ZrNiAl-type 

© 1994 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

AI O 
Pd • 0 

Fig. I. The ZrNiAl-type structure of CePdAI projected onto the 
basal plane; the hexagonal unit cell is indicated by dashed lines, 
the trigonal prisms around the Pd atoms are shown in the main 
part and on the left-hand side the bonds are indicated for each 
kind of atom. 
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