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Structure of ErsSb3 
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Abstract. Pentaerbium triantimonide, oP32, Mr = 
= "662(1), b =  1201-55, orthorhombic, Pnma, a 11 

9.136 (1), c = 8.007 (1) A, V =  853.1 (2) A 3, Z =  4, 
Dx = 9-36 Mg m -3, A(Mo Ka) = 0.7107 A, /x = 
59.8 mm-1,  F(000) = 1972, T = 293 K, R = 0.040 for 
732 reflections with Fo > 2tr(Fo). The title compound 
is isotypic with fl-YbsSb3 and around the Sb atoms 
two coordination polyhedra with erbium at the 
vertices are found: a CN 9 tricapped trigonal prism 
and a CN 8 dodecahedron. 

Experimental. The metals used were erbium and 
antimony with nominal purities of 99.9 and 99.99 
wt% respectively. Samples (weighing 1-2 g), having 
nominal compositions near to 37-5 at.% Sb, were 
prepared from the weighed amounts of the two 
elements enclosed in small tantalum crucibles closed 
by welding under an argon atmosphere. They were 
melted in an induction furnace and then cooled. 
Metallographic examination was carried out on dif- 
ferent samples: homogeneous samples were observed 
for the 5:3 composition. 

Single-crystal and powder X-ray diffraction tech- 
niques were used to identify the phase and determine 
the structure. Intensities were collected from a pris- 
matic crystal elongated in the b direction with dimen- 
sions 0.02 x 0.03 x 0-10 mm, on an Enraf-Nonius 
CAD-4 diffractometer with graphite-monochro- 
mated M o K a  radiation. Cell parameters were 
obtained from 25 diffractometer-measured reflections 
with 18 < 0 < 22 °. 1034 independent reflections were 
recorded in the to-0 scan mode up to sin0/A = 
0 .65A -I ,  0_<h_<15, 0 _ < k _ < l l l  0_<l_<10. Six 
orientation and one intensity reference reflections 
were checked every 100 reflections and every hour 
respectively and showed no significant variation. A 
semi-empirical absorption correction was applied by 
azimuthal scans of two top reflections, with a ratio of 
1-6 between maximum and minimum transmission 
factors. 302 .reflections with Fo< 2tr(Fo) were con- 
sidered as unobserved. The atomic coordinates of 
fl-YbsSb3 (Brunton & Steinfink, 1971) were used as 

Table 1. Atomic coordinates and &otropic equivalent 
thermal parameters (/~2 × 102) for ErsSb3 

E.s.d. 's are in parentheses.  U~q = ](U,,  + U22 + U33). 

x y z Ueq 
Erl 8(d) 0.0666 (1) 0-0575 (1) 0-1906 (1) 0-77 (3) 
Er2 4(c) 0.0043 (1) 0.25 0.5255 (2) 0.69 (4) 
Er3 4(c) 0.2280 (1) 0.25 0.8258 (2) 0.80 (4) 
Er4 4(c) 0.2914 (1) 0.25 0.3444 (2) 0.81 (4) 
Sbl 8(d) 0.3261 (l) 0.0094 (2) 0.0646 (2) 0.72 (4) 
Sb2 4(c) 0.4767 (2) 0.25 0.5948 (3) 0-73 (5) 

Table 2. Interatomic distances (~) in ErsSb3, up to 
d/Y~r = 1.12 

E.s.d. 's are less than 0.01/~. 

Erl--Sb2 2.96 Er3--Sb2 
--Sb2 3.07 --2Sbl 
- -Sbl  3.22 --2Sbl 
----Er2 3.29 --Er2 
--Sbl  3.30 . --Sb2 
--Er4 3.39 --Er2 
--Sbl  3.45 --2Erl  
- -Er l  3.52 --2Erl  
- -Er l  3.58 --Er4 
--Er4 3.67 
--Er2 3.71 Er4--Sb2 
--Er3 3.85 --2Sbl 
--Er3 3.89 --2Sbl 

--2Erl  
Er2--Sb2 3.06 --Er2 

--2Sb 1 3.10 --2Er 1 
--2Sb I 3- I 1 --Er2 
--2Erl  3.29 --Er3 
--Er3 3.43 
--Er3 3.55 
--Er4 3.65 
--2Er I 3-71 
--Er4 3.86 

Sb2--Er4 2.95 
--2Erl  2.96 
--Er3 3.00 
--Er2 3.06 
--2Er I 3.07 
--Er3 3.44 

3.00 
3-13 
3.22 
3.43 
3.44 
3.55 
3.85 
3.89 
3.92 

2-95 
3.16 
3-26 
3.39 
3-65 
3-67 
3-86 
3-92 

Sbl--Er2 3-10 
--Er2 3.11 
--Er3 3-13 
--Er4 3-16 
- -Er l  3-22 
--Er3 3.22 
--Er4 3-26 
- -Er l  3.30 
- -Er l  3-45 

starting values in the refinement. Anisotropic 
refinement on F of 44 parameters led to R = 0-040, 
wR = 0.037 with w = [tr2(Fo) + 0"000251Fo2] - x, S = 
1 .06 ,  (A /o ' )max  = 0"001, max. and min. heights in final 

0108-2701/90/122456-02503.00 © 1990 International Union of Crystallography 



G. BORZONE AND M. L. FORNASINI  2457 

difference Fourier synthesis 3.6 and - 4 . 3  e A -3. An 
extinction correction was applied according to the 
equation Fc' = Fc(1 - 2.5 × lO-SF~2/sinS). Atomic 
scattering factors and anomalous-dispersion correc- 
tion were taken from International Tables for X-ray 
Crystallography (1974, Vol. IV). Programs used: 
SHELX76 (Sheldrick, 1976) for structure refinement 
and STRUCTURE TIDY (Gelato & Parthr, 1987) 
for structure standardization. Table 1 reports atomic 
coordinates and isotropic equivalent thermal param- 
eters, while interatomic distances up to d/Yr = 1.12 
(Yr is the sum of the metallic radii for CN 12) are 
given in Table 2.* From the powder photographs 
(Fe Ka radiation) of the same samples the following 
unit-cell dimensions were obtained: a = 11.664 (4), b 
= 9.138 (4), c = 8.010 (4) A, in good agreement with 
those obtained by single-crystal diffraction. 

Related literature. In ErsSb3 two coordination 
polyhedra are found around the Sb atoms: a CN 9 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 53081 (7 pp.). 
Copies may be obtained through The Technical Editor, Interna- 
tional Union of Crystallography, 5 Abbey Square, Chester CHI 
2HU, England. 

tricapped trigonal prism and a CN 8 dodecahedron 
(or bisdisphenoid) with only Er at the vertices as no 
Sb---Sb contacts occur. The fl-YbsSb3 structure is 
adopted by several compounds formed by alkaline 
earths, rare earths or transition metals (e.g. Ti, V, 
Cr) with P, As, Sb and Bi (Villars & Calvert, 1985). 
Another phase, YsBi3 (Wang, Gabe, Calvert & 
Taylor, 1976), crystallizing in the same Jpace group 
Pnma, has lattice constants very similar to those of 
fl-YbsSb3 but with the a and c periods interchanged 
so that these two compounds cannot be considered 
as isotypic although their structures are very closely 
related. The similarity and the description in the 
same group is made possible only by the particular 
values of the coordinates in the two structures. 
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Abstract. [Pd(C6HsS)2{(C6Hs)2PCH2CH2P(C6Hs)2}], 
Mr = 723.17, monoclinic, C2/c, a = 14.320 (2), b = 
16.383(2), c=14 .295(2)  A, /~=93.41(2)  ° , V = 
3347.7 (9)]k 3, Z = 4 ,  Dx=1"435gcm-3, M o K a  
radiation, A = 0.71073 A, /.i, = 7.856 cm-  ~, F(000) = 
1480, T = 296 (1) K, R = 0.0269 for 3084 reflections 
with I > 3tr(/). The molecule possesses a twofold axis 
passing through Pd and the midpoints of S--S and 
P - -P  with these five atoms being essentially co- 
planar. 

Experimental. The title compound was prepared by 
reaction of PdCI2, NaSPh, 1,2-bis(diphenylphos- 
phino)ethane (dppe), and elemental selenium in 
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D M F  solution, and a crystal suitable for the X-ray 
analysis was grown in a mixed solution of D M F  and 
acetone. Details of the sample preparation and the 
crystal growth are similar to those for the Co com- 
pounds (Wei, Liu, Huang, Huang & Kang, 1989). 
This synthetic method differs from that of Hayter & 
Humiec (1964). 

Diffraction intensities were collected from a red 
prismatic crystal 0-20 × 0.22 x 0.30 mm, in the to--20 
scan mode on an Enraf-Nonius CAD-4 diffractom- 
eter using graphite-monochromated Mo Ka radia- 
tion. 25 reflections (10 < 0 < 15 °) were used for 
measuring lattice parameters. 4437 unique reflec- 
ions measured in the index range 0 < h < 19, 0 < k 
< 22, - 19 < l < 19, 20ma x = 30 °. The intensities of 
three standard reflections monitored periodically 

© 1990 International Union of Crystallography 


