RADAEV, TROMEL, KARGIN, MARIN, RIDER AND SARIN

The authors are grateful to the Alexander von Hum-
boldt-Stiftung for financial support (SFR).

Lists of structure factors and anisotropic displacement parameters have
been deposited with the British Library Document Supply Centre as
Supplementary Publication No. SUP 71748 (7 pp.). Copies may be ob-
tained through The Technical Editor, International Union of Crystallog-
raphy, 5 Abbey Square, Chester CH1 2HU, England. [CIF reference:
SH1073]

References

Abrahams, S. C., Bernstein, J. L. & Svensson, C. (1979). J. Chem.
Phys. 71, 788-792.

Abrahams, S. C., Jamieson, P. B. & Bernstein, J. L. (1967). J.
Chem. Phys. 47, 4034-4041.

Becker, P. J. & Coppens, P. (1974). Acta Cryst. A30, 129-147.

Muradyan, L. A., Radaev, S. F. & Simonov, V. 1. (1989). Methods
of Structural Analysis, pp. 5-20. Moscow: Nauka.

Radaev, S. F., Muradyan, L. A., Kargin, Y. F., Sarin, V. A,,
Rider, E. E. & Simonov, V. 1. (1989). Dokl. Akad. Nauk SSSR,
306, 624-627.

Radaev, S. F., Muradyan, L. A., Sarin, V. A., Kanepit, V. N.,
Yudin, A. N., Marin, A. A. & Simonov, V. L. (1989). Dokl
Akad. Nauk SSSR, 307, 606-610.

Radaev, S. F., Muradyan, L. A. & Simonov, V. L. (1991). Acia
Cryst. B47, 1-6.

Radaev, S. F., Simonov, V. ., Kargin, Y. F. & Skorikov, V. M.
(1992). Eur. J. Solid State Inorg. Chem. 29, 383-392.

Sears, V. F. (1984). Thermal-Neutron Scaitering Lengths and Cross
Sections for Condensed-Matier Research. Limited Report
AECL-8490. Atomic Energy of Canada.

Zucker, U. H., Perenthaler, E., Kuhs, W. F., Bachman, R. &
Schulz, H. J. (1983). J. Appl. Cryst. 16, 358.

Acta Cryst. (1994). C50, 659661

P,Ses

R. BLACHNIK* AND P. LONNECKE

Universitdt Osnabriick, Institut fiir Chemie,
49069 Osnabrick, Germany

K. BoLDT AND B. ENGELEN

Universitdt-GH Siegen, Anorganische Chemie I,
57068 Siegen, Germany

(Received 6 July 1993; accepted 29 September 1993)

Abstract

The structure of 2,3,5,6,7-pentaselena-1,4-diphospha-
bicyclo[2.2.1]heptane is built from separate norbor-
nane-like molecules with Se atoms in the bridging
position. The P—Se bond lengths fall in the range
2.234(2)-2.254 (2) A and the Se—Se bond lengths
are 2.387 (1) and 2.390 (1) A.
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Comment

A view of the molecule (I) is shown in Fig. 1. The
X-ray structure analysis confirms the constitution of
the molecule deduced from *'P and ""Se NMR data
(Blachnik, Lonnecke & Tattershall, 1991) as
2.,3.5,6,7-pentaselena-1,4-diphospabicyclo[2.2.11hep-

tane, a P—Se norbornane which consists of two

Se

(M

nearly regular five-membered rings. A view of the
structure along [100] is shown in Fig. 2. The P,Se;
molecules form approximately hexagonal close-
packed layers parallel to (010). These layers are
shifted successively by a/2 or b/2, leading to a
coordination number of ten for each P,Ses molecule.
The corresponding interlayer distances are 5.02 and
5.10 A, respectively.

The P—Se bond distances are found in the range
2.234(2)-2.254 (2) A and correspond to the single-

Fig. 1. Structure of the P,Se; molecule.
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Fig. 2. Structure of P,Ses viewed along [100].
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bond P—Se distances observed in P,Se; (Rollo et al.,
1990; Keulen & Vos, 1959), but are shorter than the
average P—Se distance of 2.258 A in P,Ses (Penney
& Sheldrick, 1971). The Se—Se bond distances
[2.387 (1) and 2.390 (1) A] are longer than those
observed in cyclic selenium compounds like Seg
(2.335A; Foss & Janickis, 1977) or (SesCl)SbCl,
(2.340 A; Faggiani, Gillespie, Kolis & Malhotra,
1987).

The shortest intermolecular contact distances
{P4---Se7 3.621 (2) A, directed in [001}; Se2:--Se5
3.517 (1) A, directed in [100]} exist within the layers.
They are of the order of the shortest intramolecular
distances of nonbonded atoms [P4---Se6 3.612 (2),
Se5--Se7 3.453 (1) A]. The shortest interlayer dis-
tances are longer [P4--Se3 3.637(2), Se2:--Se6
3.662 (1) A). All these contacts are somewhat shorter
than the van der Waals distances (P---Se 3.90, Se--Se
4.00 A). These deviations indicate strong attractive
forces between the molecules, thus explaining the
very low solubility of this compound in organic
solvents and the polymerization reaction by which a
glass is formed from its melt on cooling.

Experimental

Polycrystalline samples of P,Ses were prepared by melting sto-
ichiometric amounts of red phosphorus and selenium in sealed
silica ampoules. The homogenous melt was then quenched to
ambient temperature, ground and re-annealed in a sealed and
evacuated glass ampoule at 373 K. The finely ground sample
was extracted with Soxhlet apparatus using CS; as solvent, and
then recrystallized from CS; at 233 K (Blachnik ez al., 1991).

Crystal data

P,Ses D, = 4017 Mgm~?

M, = 456.75 Mo Ko radiation
Monoclinic A =0.7107 A

P2,/c Cell parameters from 50

a=6944 (1) A

b=20420(2) A
c=5836(1)A

B = 114.15 1)

V=755.1() A3
Z=4

" Data collection

Enraf-Nonius CAD-4
diffractometer

w/[20 scans

Absorption correction:
empirical via 1 scans
(North, Phillips & Math-
ews, 1968)
Tin = 0.325, Thax =
0.997

2385 measured reflections

2197 independent reflections

reflections
# = 15-20°
p=2433 mm™!
T=295K
Plate-like
0.20 x 0.18 x 0.08 mm
Black

1506 observed reflections
I > 20(D)]

Rini = 0.028

Omax = 30°

h=0—->9

k=0-— 28

l=-8-—38

3 standard reflections
frequency: 168 min
intensity variation: —0.2%

ste5

Refinement

Refinement on F Extinction correction:

R =0.035 Zachariasen (1963)
wR = 0.034 Extinction coefficient:
§=242 2.12(8) x 1077

Atomic scattering factors
from International Tables
for X-ray Crystallogra-
phy (1974, Vol. 1V, Table
2.2B)

1506 reflections

65 parameters

w = 1/o*(F)

(A/0)max < 0.01

Apmax =12 2) e A3
Apmin = =10 (2) e A™3

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Beq = (4/3)X:%;8;a;.a;.

X y 2 Beq
P1 0.2737 (3) 0.3332 (1) 0.3043 (3) 2.48 (4)
P4 0.2835 (3) 0.4538 (1) 0.7034 (3) 2.08 (4)
Se2 0.5584 (1) 0.30816 (4) 0.6571 (2) 2.85(2)
Se3 0.5705 (1) 0.39515 (4) 0.9359 (1) 2.69(2)
Se5 —0.0041 (1) 0.39659 (5) 0.6653 (1) 2.88(2)
Se6 ~0.0050 (1) 0.30920 (4) 0.3925 (2) 291(2)
Se7 0.2733 (1) 0.44310 (4) 0.3178 (1) 2.73(1)

Table 2. Selected geometric parameters (A, °)

P1—Se2 2254 (2) P4—Se5 2245 (2)
P1—Se6 2250 (2) P4—Se7 2234 (2)
P1—Se7 2.245 (2) Se2—Se3 2.387(1)
P4—Se3 2243 (2) Se5—Se6 2.390 (1)
Se2—P1—Se6 10488 (9)  P1—Se2—Se3 103.09 (6)
Se2—P1—Se7 102.02(7)  P4—Se3—Se2 102.13 (5)
Se6—P1—Se7 10133(9)  P4—Se5—Se6 102.35 (6)
Se3—P4—Se5 108.45(9)  P1—Se6—Se3 102.80 (6)
Se3—P4—Se7 10220(9)  Pl—Se7—Se4 97.63 (8)
SeS—P4—Se7 100.92 (7)

The P and Se positions were obtained from a direct-methods E
map using MULTANSO (Main et al., 1980). Refinement was by
full-matrix least-squares methods. Graphics were obtained with
ORTEPII (Johnson, 1976). All calculations were performed with
the MolEN package (Fair, 1990) on a DEC computer MicroVAX
3100.
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Abstract

A complete structure determination of the ternary
alloy T-phase Al ;sMg;Mn, has been carried out and
has confirmed that the 7 phase has a similar struc-
ture to that of E-phase Al;gCr,Mg; [Samson (1958).
Acta Cryst. 11, 851-857].

Comment

In phase-diagram studies of the Al-rich part of the
Al-Mg-Mn system (Ohnishe Nakatani & Shimizu,
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1973), the T phase was found to have a very similar
powder diffraction pattern to that of the E phase.
The crystal structure of the E phase has been
determined successfully by Samson (1958) using a
single-crystal multiple-film method. Since the com-
puted powder diffraction intensities based on Sam-
son’s parameters for the E phase were in close
agreement with the observed powder diffraction
intensities, Ohnishe et al. (1973) concluded that the T
phase was also F-centred cubic with a lattice con-
stant a = 14.529(1) A, space group Fd3m, and basic
composition Al;gMg;Mn,. This paper reports the
single-crystal structure analysis of the T phase.

In the diamond space group, Fd3m, there are two
sets of eight equivalent positions [8(a) and 8(b)]
which are related by a translation of 3,3,3 with respect
to one another. The Mg atoms located at position
8(b) are surrounded by 16 nearest neighbours: 12 Al
atoms [position 96(g)] at the vertices of a truncated
tetrahedron and four Mg atoms [position 16(d)] at
the vertices of a regular tetrahedron. The coordina-
tion polyhedron of each Mg 8(b) atom may be
described by a Friauf polyhedron (Friauf, 1927) with
16 vertices and 28 triangular faces (Fig. 1). These
17-atom polyhedra (Friauf polyhedra) link tetra-
hedrally by sharing the Mg 16(d) atoms. From the
atomic arrangement just described, it is clear that
there are large interstices with their centroids at the
position 8(a), the second set of eight equivalent
positions. In the T phase all of these interstices are
filled with cubic close-packed 10-atom clusters com-
prising six Al atoms [position 48(f)] and four Mn
atoms [position 16(c)]. Each 10-atom cluster has six
Al 48(f) atoms situated at the vertices of a regular
octahedron which is in turn surrounded by four
Mn 16(c) atoms at the vertices of a regular tetrahe-
dron (Fig. 2). These 10-atom clusters with their
centroids at position 8(a) are connected tetrahedrally
through sharing the Mn 16(c) atoms.

In summary, the whole structure is composed of
two different groups (Figs. 1 and 2), with each group
bonded tetrahedrally to four groups of the same kind
and surrounded by, but not bound to, four groups of
the other kind. Thus, the whole structure consists of
two intertwinning diamond lattices, one being
formed by the Friauf polyhedra and the other by the
10-atom clusters. The coordination polyhedron of
Mg 16(d) is an approximate hexagonal prism with
two Mg 8(b) atoms on the pseudo-hexagonal axis.
The coordination geometry of the Al 48(f) atoms
may be described as a distorted pentagonal prism
with ten atoms [six Al 96(g) and four Al 48( f) atoms]
at the vertices and two Mn 16(c) atoms on the axis of
this prism. Al atoms at position 96(g) adopt the same
coordination as Al 48(f) but the prisms are more
distorted. The coordination polyhedra around each
Mn 16(c) atom are distorted icosahedra bound by 20
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