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The new ternary osmium borides MgOs3B4 and ScOs3B4 were
prepared by reaction of the elements. They crystallize orthor-
hombically with Z 5 4 in the space group Cmcm. The crystal
structures were determined from single crystal X-ray di4raction
intensity data. MgOs3B4 (a 5 291.28(2) pm, b 5 1185.9(1) pm,
c 5 975.8(1) pm, 621 re6ections, R1 5 0.054) and ScOs3B4

(a 5 295.03(4) pm, b 5 1179.7(2) pm, c 5 981.9(1) pm, 516 re-
6ections, R1 5 0.054) are isotypic. The structure contains isolated
boron atoms coordinated by six osmium atoms at the corners of
a trigonal prism and in addition boron atoms forming a new
one-dimensional building element composed of corner sharing,
slightly distorted squares with B}B distances of 200(1) pm in the
Mg compound and 203(2) pm in the Sc compound. The Mg and
Sc atoms, respectively, 5ll channels in the Os/B-framework
running along the a axis. ( 2000 Academic Press

Key Words: ternary osmium borides; preparation; crystal
structure.

1. INTRODUCTION

Intermetallic compounds of scandium and magnesium
frequently crystallize with isotypic structures. Looking for
new examples of this observation we investigated the
boron-rich regions of the systems Sc}Os}B and Mg}Os}B.
While in the Sc system the ternary compound ScOsB

2
has

been reported by Shelton et al. (1), no reference is made to
the Mg}Os}B system in the literature. Our studies resulted
in the preparation of two pairs of isotypic compounds,
MgOs

3
B

4
/ScOs

3
B
4

and Mg
2
OsB

6
/Sc

2
OsB

6
. The latter one

crystallizes with the Y
2
ReB

6
structure (2) and will be dis-

cussed in a forthcoming paper. Here we report on MgOs
3
B

4
and ScOs

3
B
4

which form a new structure type with an
unusual aggregation of boron atoms.
Paper presented at the 13th International Symposium on Boron,
Borides and Related Compounds, Dinard, France, September 5}10,
1999.
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2. SAMPLE PREPARATION AND PROPERTIES

MgOs
3
B

4
and ScOs

3
B
4

were prepared by reaction of the
elemental components (Mg: 99.8%, rod, Ventron; Sc:
99.9%, pieces, Johnson Matthey; Os: 99.9%, powder, De-
gussa; B: 99.9%, pieces, Aldrich). ScOs

3
B
4

was obtained by
arc-melting stoichiometric mixtures of the elements com-
pressed into pellets on a water-cooled copper plate in an
argon atmosphere using a tungsten tip as a second elec-
trode. In order to get a single phase product, arc-melting
was repeated twice after turning over the pellet. In the case
of MgOs

3
B

4
a large excess of Mg had to be applied (molar

ratio Mg:Os:B"6:3:4), and the mixture of the elements was
heated to 11003C for 20 h in a boron nitride crucible placed
in a sealed molybdenum tube under an atmosphere of
argon. After homogenization in a boron carbide mortar the
product was again heated to 11003C for 2 days. The excess
of Mg was leached by treatment with diluted hydrochloric
acid. Thus the compound was obtained single phase as
a dark gray powder.

ScOs
3
B

4
obviously is a high-temperature phase, because

it decomposes when annealed at 11003C for about 4 h and is
rebuilt after remelting in the electric arc. Only OsB

1.1
could

be identi"ed as a decomposition product by X-ray powder
methods. Attempts to synthesize the compound at 15003C
failed. So it is supposed that it is stable only above this
temperature.

Both compounds are stable to air and moisture and do
not show any reaction when treated with half-concentration
hydrochloric acid for several days. They are, however, dis-
solved by aqua regia.

Analyses were carried out by the following methods: Mg,
Sc, complexometrically with Titriplex III after removing Os
as OsO

4
by distillation; Os, gravimetrically as osmium

metal after OsO
4

distillation, precipitation of osmium sul-
"de, and reduction with H

2
; B, decomposition with Na

2
O

2
,

distillation of B(OCH
3
)
3
, titration by the mannit method.

The results are listed in Table 1 together with the pycnomet-
rically determined densities.

The electrical resistivity of MgOs
3
B
4
was measured in the

range 300 to 5 K applying a four-probe d.c. method (powder



TABLE 1
Crystallographic and Analytical Data of MgOs3B4 and ScOs3B4

MgOs
3
B

4
ScOs

3
B
4

Crystal system Orthorhombic Orthorhombic
Space group Cmcm Cmcm
Lattice constants (Guinier) a (pm) 291.28(2) 295.03(4)

b (pm) 1185.9(1) 1179.7(2)
c (pm) 975.8(1) 981.9(1)

Formula units per cell 4 4
Chemical analysis, found (calc.) Mg/Sc 3.87 (3.81) 6.70 (6.82)
weight % Os 89.23 (89.41) 86.43 (86.61)

B 6.69 (6.77) 6.37 (6.56)
DX-ray. (g cm~3) 12.57 12.80
D

1:#
. (g cm~3) 12.27 12.84

Crystal size (lm3) 120]20]15 120]20]15
Scan range 34h4453 34h4453
Scan width (h/2h, #25% background) 0.83 0.83
Measuring time per re#ection(s) 120 120
Total number of re#ections 3119 3118
Unique re#ections 811 756
Unique re#ections with I'2p (I) 621 516
Inner residual (on F2 values) R

*
"0.132 R

*
"0.054

R
1

(I'2p(I)) 0.054 0.054
wR

2
0.127 0.126

Number of variables 23 23
Re"ned extinction (17) 0.0054(6) 0.0026(4)
Highest residual density (e/A_ 3) 20.1a 13.2b

a61 pm from Os1.
b73 pm from Os2.

FIG. 1. Electrical resistivity of MgOs
3
B

4
vs temperature (four-probe

d.c. method, sintered powder specimen).
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specimen, pressed into a rod and sintered in a sealed tanta-
lum tube at 9003C for 1 day). The values obtained are shown
as a function of temperature in Fig. 1. They are likely to be
somewhat too high, as only sintered material was used, but
they indicate metallic behavior.

3. STRUCTURE DETERMINATION

A small, needle-shaped single crystal of ScOs
3
B
4

could be
isolated from an arc-melted pellet. To obtain single crystals
of MgOs

3
B

4
a mixture of the elements with molar composi-

tion Mg:Os:B"40:3:4.5 was heated to 11003C for 20 days.
After treatment with diluted hydrochloric acid the specimen
consisted of black, needle-shaped crystals suited for X-ray
work.

Precession photographs revealed orthorhombic sym-
metry and the di!raction symbol mmmC-c- (corresponding
space groups Cmc2

1
, C2cm and Cmcm) for both compounds.

Guinier powder diagrams were recorded using CuKa
1

radi-
ation and Si as an internal standard. They were completely
indexed on the basis of the single-crystal data. The lattice
constants obtained by least-square "ts of the powder data
are listed in Table 1.
Single-crystal X-ray di!raction intensity data were
collected with a four-circle di!ractometer (CAD4,
Enraf-Nonius, Delft, Netherlands) using graphite-mono-
chromated MoKa radiation. They were corrected for
absorption according to the geometry of the crystals. Crys-
tallographic data and details of the data collection are
summarized in Table 1. The structure determinations with
direct methods (3) in space group Cmcm showed that the
two compounds are isotypic. The "nal parameters obtained
from the full-matrix re"nements (4) based on F2 values are
listed in Table 2. Interatomic distances up to 300 pm are
given in Table 3. In the di!erence Fourier synthesis quite
high residual densities occurred in the vicinity of the os-
mium positions (Table 1). As no superstructure re#ections
were observed in precession photographs exposed for very
long times, they may be due to disorder or to the assignment
of a wrong space group. However, no improvement was
achieved by calculations in the lower symmetrical space
groups C2cm and Cmc2

1
.

4. DISCUSSION

The isotypic compounds MgOs
3
B

4
and ScOs

3
B
4

crystal-
lize with a new structure shown for MgOs

3
B
4

as a projec-
tion along the short a-axis in Fig. 2 (5). The structure may be
described as an Os/B framework containing channels "lled
by linear chains of magnesium atoms. The channels run
along the a-axis, which is the direction of projection in
Fig. 2. Building elements of the Os/B framework are trig-
onal Os

6
B prisms connected by common triangular faces to

form columns along [100] and boron ribbons consisting
of corner sharing, slightly distorted squares. These two
building elements are connected by Os}B bonds and alter-
nate in the direction of the b-axis. This is depicted in Fig. 3,



TABLE 2
Atomic Parameters of MgOs3B4 and ScOs3B4, Space Group Cmcm, Anisotropic Displacement Factors

(B: Isotropic) in pm2, U12 5 U13 5 0

Atom Site x y z ;
11

;
22

;
33

;
23

(a) MgOs
3
B

4
Os1 8f 0 0.2002(1) 0.6073(1) 6(2) 27(2) 52(2) 0
Os2 4c 0 0.0149(1) 0.25 21(2) 21(3) 43(3) 0
Mg 4b 0 0.5 0 40(3) 30(3) 100(4) 4(38)
B1 8f 0 0.156(3) 0.109(3) 44(30)
B2 4c 0 0.655(3) 0.25 61(23)
B3 4c 0 0.377(5) 0.25 70(34)

(b) ScOs
3
B

4
Os1 8f 0 0.2014(1) 0.6082(1) 47(4) 29(3) 11(3) 0
Os2 4c 0 0.0106(1) 0.25 49(3) 32(3) 6(2) 0
Sc 4b 0 0.5 0 60(2) 50(2) 40(2) 5(19)
B1 0 0.153(3) 0.108(3) 113(46)
B2 4c 0 0.646(3) 0.25 84(42)
B3 4c 0 0.368(4) 0.25 135(34)
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which gives a perspective view of a selected area of the
structure. From Fig. 2 it becomes obvious that the whole
Os/B framework is made up by such patterns. Shifted and
re#ected according to the c glide plane of the space-group
Cmcm and linked via Os}Os and Os}B bonds, they repeat in
TABLE 3
Interatomic Distances up to 300 pm

MgOs
3
B

4
Os1- (Os1, 1]278.4(1), 2]280.97(9), 2]291.2(1); Os2, 1]290.20(8);

Mg, 2]297.5(1); B1, 1]219(1), 2]224(3); B2, 1]221(1); B3,
2]220(1))

Os2- (Os1, 2]290.20(8); Os2, 2]291.3(1); Mg, 4]284.6(1);
B1, 2]216(1); B2, 2]222(1); B3, 2]219(2))

Mg- (Os1, 4]297.5(1); Os2, 4]284.6(1); Mg, 2]291.2(3);
B1, 4]258(1); B3, 2]284(1))

B1- (Os1, 1]219(1), 2]224(3); Os2, 1]216(1); Mg, 2]258(1);
B2, 2]200(1))

B2- (Os1, 2]221(1); Os2, 2]222(1); Mg, 2]258(1); B1, 4]200(1))
B3- (Os1, 4]220(1); Os2, 2]219(2); Mg, 2]284(1))

ScOs
3
B
4

Os1- (Os1, 1]278.5(1), 2]282.9(1), 2]295.0(1); Os2, 1]286.3(2);
Sc, 2]299.2(1); B1, 1]220(4), 2]227(2); B2, 1]228(3);
B3, 2]219(2))

Os2- (Os1, 2]278.5(1); Os2, 2]295.0(1); Sc, 4]286.7(1); B1,
2]218(3); B2, 2]217(3); B3, 2]223(4))

Sc- (Os1, 4]299.2(1); Os2, 4]286.7(1); Sc, 2]295.0(1); B1,
4]258(1); B3, 2]290(3))

B1- (Os1, 1]220(4), 2]227(2); Os2, 1]218(3); Sc, 2]258(1);
B2, 2]203(2))

B2- (Os1, 2]220(4); Os2, 2]218(3); Sc, 2]258(1); B1, 4]203(2))
B3- (Os1, 4]219(2); Os2, 2]223(4); Sc, 2]290(3))
the direction of the c-axis. Thereby channels with hexagonal
cross-sections are formed. The hexagons consist of four
osmium atoms and two boron atoms.

Structures with hexagonal channels are frequently ob-
served with ternary transition metal borides containing
a larger nontransition metal atom. Examples are the numer-
ous compounds with CeCo

3
B
2
-type or related structures

(6}9). For smaller non-transition metal atoms like Mg or Sc,
hexagonal channels are suitable if they are built by the
smaller 3d-transition metal atoms Co or Ni (ScCo

3
B

2
(10),

MgCo
3
B

2
(11), MgNi3!xB2

(12)). In compounds with
the larger 4d-transition metal atoms, hexagonal channels
seem to be too large for Mg and Sc. The channels in the
structures of Mg

2
Ru

5
B
4

(13) and Sc
2
Ru

5
B

4
(14) have pen-

tagonal cross sections. However, in all these cases, the chan-
nels are formed exclusively by transition metal atoms. Close
contacts between boron atoms and the nontransition metal
atoms inside of the channels are thus avoided. In the
structure of MgOs

3
B
4

the contribution of boron atoms
to the cross section leads to smaller hexagonal channels
well suited for the accommodation of magnesium atoms. At
the same time quite short Mg}B contacts (259 pm) are
formed. In Fig 4a the environment of the magnesium atoms
is shown. It consists of eight osmium and four boron atoms
at the corners of a distorted hexagonal prism and two
magnesium atoms capping the hexagonal faces. The
Mg}Mg distance (291 pm) is shorter than in magnesium
metal (320 pm). This is possibly due to an electron transfer
from magnesium to the Os/B framework decreasing the
atomic radius of the magnesium atoms. Mg}Os} and
Mg}B} distances are close to the sums of the metallic radii
for CN 12.



FIG. 2. Projection of the MgOs
3
B

4
structure along the a-axis showing the Os/B framework with channels containing linear chains of magnesium

atoms.

FIG. 3. Selected area of the Os/B framework in the MgOs
3
B

4
structure. The two characteristic building elements, columns of triangular Os

6
B prisms

and boron ribbons consisting of corner-sharing, slightly distorted squares, are stressed by heavy lines.
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FIG. 4. Environments of (a) Mg, (b) B3, (c) B1, and (d) B2 in the MgOs
3
B

4
structure.
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Os}Os distances in the range 278 to 291 pm (ScOs
3
B
4
:

278 to 295 pm) compare to 268 and 274 pm in osmium
metal and indicate weak bonding interactions.

The structure contains three crystallographically distinct
boron atoms. The B3 atoms are isolated and show the usual
trigonal prismatic coordination (Fig. 4b) with short Os}B
distances (average value 220 pm), indicative of strong
covalent bonds. Of special interest are, however, B1 and B2
forming the boron ribbons described above. In Fig. 5 such
a ribbon is shown as a projection along [010]. The boron
squares are slightly distorted with angles of 873 and 933. The
B1}B2 distance is 200 pm (ScOs

3
B

4
, 203 pm). This is rather

large compared with B}B distances in borides with boron
chains which are typically in the range 174 to 186 pm (15).
So only weak bonding interactions are to be expected. The
bond strength calculated with the Pauling formula d"d
1
-

60 ) log n (d, observed distance (pm); d
1
, metallic single bond

distance (82 pm for boron); n, bond strength) (16) is 0.25
(ScOs

3
B
4
, 0.23). The complete environments of B1 and B2

comprising four additional osmium atoms at the vertices of
distorted tetrahedra and, in the case of B1, two magnesium
atoms are shown in Figs. 4c and 4d. With all these neighbor-
ing atoms the bonding strengths of B1 and B2 sum up to
&n"3.39 and 3.48, respectively, (ScOs

3
B
4
: 3.36 and 3.33).

These are reasonable values for the metallic valence of
boron. They are, however, relatively low if compared with
B3 (3.87 for MgOs

3
B
4

and 3.89 for ScOs
3
B

4
) and boron

atoms in other ternary transition metal borides contain-
ing an electropositive nontransition metal as a third
component. In such compounds, where electron transfer



FIG. 5. Boron ribbon consisting of corner-sharing, slightly distorted
squares. Projection along [010].
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to the boron atoms increasing their metallic valence is likely
to occur, &n values slightly below 4 are usually observed.
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