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Reprint requests to R. Pöttgen. E-mail: pottgen@uni-muenster.de

Z. Naturforsch. 59b, 251 – 255 (2004); received December 20, 2003

Dedicated to Professor Evgen Ivanovych Gladyshevskii on the occasion of his 80th birthday

The binary transition metal magnesium compounds RhMg3 and Ir3Mg13 have been synthesized
from the elements in sealed niobium tubes and investigated on the basis of X-ray powder and single
crystal data: Cu3P type, P63cm, a = 790.5(4), c = 825.6(3) pm, wR2 = 0.0244, 344 F2 values, 27
variable parameters for RhMg3, and R3̄c, a = 1607.0(2), c = 844.88(9) pm, wR2 = 0.0535, 656 F2

values, 29 variable parameters for Ir3Mg13. The rhodium atoms in RhMg3 have coordination number
11. These polyhedra show an AB AB stacking sequence like in the hexagonal close-packed structure.
The crystal chemical relation of the Cu3P type structure of RhMg3 with the aristotype Na3As (IrAl3)
is discussed on the basis of a group-subgroup scheme. Ir3Mg13 crystallizes with a new complex
structure type with coordination numbers of 11, 14, 15, 14, and 12 for the Ir, Mg1, Mg2, Mg3, and
Mg4 atoms, respectively.
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Introduction

During our recent phase-analytical investigations
of the magnesium-transition metal-indium systems
[1 – 4], we obtained crystal chemical information
on various binary transition metal-magnesium com-
pounds. In the iridium based system the new
equiatomic binary magnesium compound IrMg with a
very complex crystal structure (Pearson code oC304)
was discovered [5]. The ternary magnesium com-
pounds Ir3Mg13−xInx (x = 2.37 and 3.36) crystallize
with a new rhombohedral structure type, space group
R3̄c. Our most recent investigations revealed, that this
peculiar structure type also exists as a pure binary
phase Ir3Mg13. In the binary Ir-Mg system, a com-
pound of the approximate composition ∼IrMg 4 was
already reported 40 years ago by Ferro et al. [6]. Most
likely Ir3Mg13 corresponds to this phase. Attempts to
synthesize an isotypic compound with rhodium re-
sulted in a well crystallized sample of RhMg3 with
hexagonal Cu3P type structure. The preparation and
structure refinement of RhMg3 and Ir3Mg13 are re-
ported herein.
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Experimental Section
Synthesis

Starting materials for the preparation of RhMg3 and
Ir3Mg13 were rhodium and iridium powder (Degussa-Hüls,
200 mesh, > 99.9%), and a magnesium rod (Johnson
Matthey, � 16 mm, > 99.5%). Pieces of the magnesium rod
(the surface of the rod was first cut on a turning lathe in or-
der to remove surface impurities) and cold-pressed pellets of
rhodium or iridium (� 6 mm) were weighed in the atomic
ratios Rh:Mg and Ir:Mg = 3:13 and sealed in niobium am-
poules under an argon pressure of about 800 mbar. The ar-
gon was purified over titanium sponge (900 K), silica gel,
and molecular sieves. Details about the arc-welding setup
are given elsewhere [7]. The niobium tubes were placed in
a water-cooled sample chamber [8] of an induction furnace
(Hüttinger Elektronik, Freiburg, Typ TIG 1.5/300). The mix-
tures of the elements were first heated under flowing argon up
to ca. 1200 K. The reaction between the elements was visible
through a slight heat flash. After the melting procedure the
samples were cooled within one hour to ca. 700 K and finally
quenched by switching off the furnace. The light gray sam-
ples could easily be separated from the niobium tubes. No
reactions whatsoever of the samples with the crucible mate-
rial could be detected. For the rhodium-based sample, a drop
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Table 1. Crystal data and structure refinement for RhMg3 and
Ir3Mg13.

Empirical formula RhMg3 Ir3Mg13
Formula weight 175.84 g/mol 892.63 g/mol
Unit cell dimensions a = 790.5(4) pm a = 1607.0(2) pm

c = 825.6(3) pm c = 844.88(9) pm
V = 0.4468 nm3 V = 1.8900 nm3

Pearson symbol hP24 hR96
Structure type Cu3P new
Space group P63cm R3̄c
Formula units / cell Z = 6 Z = 6
Calculated density 3.92 g/cm3 4.71 g/cm3

Crystal size 25×30×40 µm3 30×40×65 µm3

Transmission ratio 1.41 1.94
(max/min)

Absorption coeff. 6.0 mm−1 32.2 mm−1

F(000) 486 2322
Detector distance – 90 mm
Exposure time – 12 min
ω Range; increment – 0 – 180◦, 1.0◦
Integr. parameters – 13.0, 2.5, 0.01

A, B, EMS
θ Range for 2◦ to 31◦ 2◦ to 31◦

data collection
Range in hkl ±11, ±11, −11≤ l≤3 ±23, ±23, ±12
Total no. of refls 3221 6547
Independent refls 344 (Rint = 0.0469) 656 (Rint = 0.0687)
Reflections with 308 (Rsigma = 0.0165) 611 (Rsigma = 0.0259)

I > 2σ(I)
Twin ratio; 0.47(10) –

BASF parameter
Data / parameters 344 / 27 656 / 29
GooF on F2 1.178 1.067
Final R indices R1 = 0.0122 R1 = 0.0247

[I > 2σ(I)] wR2 = 0.0225 wR2 = 0.0524
R Indices (all data) R1 = 0.0187 R1 = 0.0283

wR2 = 0.0244 wR2 = 0.0535
Extinction coeff. 0.0054(2) 0.00022(3)
Largest diff. 0.48 and −0.40 e/Å3 2.82 and −1.47 e/Å3

peak and hole

of magnesium had distilled to the colder, upper part of the
tube, already indicating that a compound with a lower mag-
nesium content had formed. Both samples are stable in moist
air as compact pieces as well as fine-grained powders. Single
crystals exhibit metallic luster. The polycrystalline samples
are very brittle.

Scanning electron microscopy

Selected single crystals have been analyzed by EDX mea-
surements using a LEICA 420 I scanning electron microscope
with MgO, rhodium, and iridium as standards. No impurity
elements were detected. The analyses revealed the composi-
tions 25±2 at.-% Rh : 75±2 at.-% Mg and 19±2 at.-% Ir :
81± 2 at.-% Mg, close to the ideal compositions 25 at.-%
Rh : 75 at.-% Mg and 18.8 at.-% Ir : 81.2 at.-% Mg for
RhMg3 and Ir3Mg13, respectively.

Table 2. Atomic coordinates and isotropic displacement pa-
rameters (pm2) for RhMg3 and Ir3Mg13. Ueq is defined as
one third on the trace of the orthogonalized Uij tensor.

Atom Wyckoff x y z Ueq
position

RhMg3 (space group P63cm)

Rh 6c 0.32789(7) x 0.2487(6) 90(1)
Mg1 2a 0 0 0.3119(6) 135(9)
Mg2 4b 1/3 2/3 0.2047(4) 199(10)
Mg3 6c 0.2865(3) x 0.5764(2) 137(5)
Mg4 6c 0.6262(3) x 0.4193(3) 162(5)

Ir3Mg13 (space group R3̄c)

Ir 18e 0.17340(2) 0 1/4 118(1)
Mg1 18e 0.6290(2) 0 1/4 165(5)
Mg2 6a 0 0 1/4 218(10)
Mg3 36f 0.4922(2) 0.1907(2) 0.9114(2) 223(4)
Mg4 18d 1/2 0 0 202(6)

Fig. 1. Group-subgroup scheme in the Bärnighausen formal-
ism [18, 19] for the structures of IrAl3 (Na3As type) and
RhMg3 (Cu3P type). The indices of the klassengleiche (k)
and translationengleiche (t) transitions, as well as the unit
cell transformations are given.

X-ray film data and structure refinement

The samples were characterized through their Guinier
powder patterns using Cu-Kα1 radiation and α-quartz (a =
491.30, c = 540.46 pm) as an internal standard. The Guinier
camera was equipped with an imaging plate system (Fujifilm
BAS–1800). The lattice parameters (Table 1) were obtained
from least-squares fits of the Guinier data. To ensure correct
indexing, the observed patterns were compared to calculated
ones [9] using the atomic positions obtained from the struc-
ture refinements. The lattice parameters derived for the pow-
ders and the single crystals agreed well.
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Table 3. Interatomic distances (pm) in the structures of
RhMg3 and Ir3Mg13 calculated with the lattice parameters
obtained from the Guinier powder data.

RhMg3 Ir3Mg13

Rh: 1 Mg1 264.4(2) Ir: 2 Mg3 270.6(2)
2 Mg2 268.1(2) 2 Mg4 271.9(1)
1 Mg3 272.6(6) 2 Mg1 272.0(1)
1 Mg4 274.4(6) 1 Mg2 278.7(1)
1 Mg4 274.7(4) 2 Mg3 281.7(2)
2 Mg3 282.8(3) 2 Mg3 340.7(3)
2 Mg4 312.6(3) Mg1: 2 Ir 272.0(1)
1 Mg3 336.4(4) 2 Mg4 295.9(2)

Mg1: 3 Rh 264.4(2) 2 Mg1 300.6(2)
3 Mg3 298.5(4) 2 Mg3 301.3(2)
3 Mg4 308.5(3) 2 Mg4 310.8(2)
3 Mg3 314.6(4) 2 Mg3 369.6(4)

Mg2: 3 Rh 268.1(2) 2 Mg3 373.8(4)
3 Mg3 303.0(3) Mg2: 3 Ir 278.7(1)
3 Mg4 305.6(3) 6 Mg3 296.6(2)
3 Mg4 342.9(4) 6 Mg3 379.1(2)

Mg3: 1 Rh 272.6(6) Mg3: 1 Ir 270.6(2)
2 Rh 282.8(3) 1 Ir 281.7(2)
1 Mg4 291.3(2) 2 Mg3 290.3(3)
2 Mg4 297.5(2) 1 Mg2 296.6(2)
1 Mg4 298.3(4) 1 Mg1 301.3(2)
1 Mg1 298.5(4) 1 Mg3 303.8(4)
2 Mg2 303.0(3) 1 Mg4 315.5(3)
1 Mg1 314.6(4) 1 Mg4 321.4(2)
1 Rh 336.4(4) 1 Mg4 321.8(2)

Mg4: 1 Rh 274.4(6) 1 Ir 340.6(3)
1 Rh 274.7(4) 1 Mg1 369.6(4)
1 Mg3 291.3(2) 1 Mg1 373.8(4)
2 Mg3 297.5(2) 1 Mg2 379.1(2)
1 Mg3 298.3(4) Mg4: 2 Ir 271.9(1)
2 Mg2 305.6(3) 2 Mg1 295.9(2)
1 Mg1 308.5(3) 2 Mg1 310.8(2)
2 Rh 312.6(3) 2 Mg3 315.5(2)
2 Mg2 342.9(4) 2 Mg3 321.4(2)

2 Mg3 321.8(2)

Irregularly shaped single crystals of RhMg3 and Ir3Mg13
were isolated from the annealed samples by mechanical frag-
mentation and first examined by Laue photographs on a
Buerger precession camera (equipped with an imaging plate
system Fujifilm BAS–1800) in order to establish suitability
for intensity data collection. Intensity data of RhMg3 were
recorded at room temperature by use of a four-circle diffrac-
tometer (CAD4) with graphite monochromatized Mo-Kα ra-
diation (λ = 71.073 pm) and a scintillation counter with
pulse-height discrimination. The scans were taken in the
ω/2θ mode and an empirical absorption correction was ap-
plied on the basis of psi-scan data. The data set for Ir3Mg13
was collected on a Stoe IPDS–II diffractometer with graphite
monochromatized Mo-Kα radiation. The absorption correc-
tion for this crystal was numerical. All relevant crystallo-
graphic data for the data collections and evaluations are listed
in Table 1.

The isotypy of RhMg3 with Cu3P (space group P63cm)
and of Ir3Mg13 (space group R3̄c) with the ternary com-
pounds Ir3Mg13−xInx (x = 2.37 and 3.36) was already ev-
ident from the X-ray powder data. The atomic positions of
IrMg2.03In0.97 [2] and Ir3Mg10.63In2.37 [3] were taken as
starting values and both structures were successfully refined
using SHELXL-97 (full-matrix least-squares on F2

o ) [10] with
anisotropic atomic displacement parameters for all sites. As
a check for the correct composition, the occupancy parame-
ters were refined in a separate series of least-squares cycles.
The occupancy parameters varied between 97(1)% for the
Mg1 site of RhMg3 and 102(2)% for the Mg1 and Mg2 sites
of Ir3Mg13. Thus, all sites were fully occupied within three
standard deviations. In the final cycles, the ideal occupan-
cies were assumed again. The last cycles for RhMg3 were
calculated with the setting derived from the group-subgroup
scheme (Fig. 1). A translationengleiche symmetry reduction
(t2) suggested the possibility of twinning by inversion and
actually was observed for the investigated single crystal. Fi-
nal difference Fourier synthesis revealed no significant resid-
ual peaks (see Table 1). The positional parameters and inter-
atomic distances are listed in Tables 2 and 3. Listings of the
observed and calculated structure factors are available. ∗

Discussion

Binary RhMg3 has so far only been reported in a the-
oretical study by Blyth et al. [11]. These authors stud-
ied co-sputtered films of binary transition metal (T)–
magnesium alloys with photoemission with respect to
the d-band occupancy of the transition metal.

The problem of all older reports on the T Mg3 (T =
Pd, Pt, Ir, Au) [12 – 14] phases was the assignment of
the correct structure type. In the older work, only the
smaller Na3As type subcell, space group P63/mmc,
had been reported on the basis of X-ray powder data.

Indeed, the TMg3 (T = Pd, Pt, Ir, Au) compounds
crystallize with a superstructure of the Na3As type.
The cell enlargement was already observed by X-
ray powder diffraction by Daams and van Vucht for
AuMg3 [15] and later by Range and coworkers by sin-
gle crystal data for PtMg3, IrMg3, and AuMg3 [16, 17].

In Fig. 1 we present the corresponding group-
subgroup scheme [18, 19]. The Zintl phase Na 3As
[20], space group P63/mmc, is the aristotype. IrAl3

[21] adopts the same structure. The first step of the
symmetry reduction is the klassengleiche transition of

∗Details may be obtained from: Fachinformationszentrum Karls-
ruhe, D-76344 Eggenstein-Leopoldshafen (Germany), by quot-
ing the Registry No’s. CSD 413720 (RhMg3) and CSD 413721
(Ir3Mg13).
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Fig. 2. The near-neighbor environment of iridium and
rhodium in the structures of IrAl3 and RhMg3. Iridium
(rhodium) and magnesium (aluminium) atoms are drawn as
filled and gray circles, respectively. The shorter Ir–Al and
Rh–Mg contacts are drawn with thick bonds. Atom designa-
tions and site symmetries are given.

index 3 (k3) to space group P63/mcm, followed by de-
centering (t2) to P63cm (structure type Cu3P). These
symmetry reductions lead to four crystallographically
independent magnesium positions. The structural dis-
tortion of the TMg3 compounds with respect to IrAl3 is
most likely due to the larger difference in size between
Rh and Mg as compared to Ir and Al.

The structural distortions in the superstructure
are quite pronounced. As already described for
IrMg2.03In0.97 [2], the rhodium and iridium atoms in
IrAl3 and RhMg3 are hexagonally close packed. They
have both eleven nearest aluminium, respectively mag-
nesium neighbors in the form of pentacapped trigonal
prisms (Fig. 2). Consequently both structures can be
described by an AB AB stacking of these IrAl11 and
RhMg11 polyhedra.

Ir3Mg13 (≡ IrMg4.33) crystallizes with a new struc-
ture type, Pearson symbol hR96. Most likely this phase
corresponds to ∼IrMg4, reported 40 years ago by Ferro
et al. [6]. This Ir3Mg13 type has been observed first
in the ternary system iridium-magnesium-indium for
two crystals of the solid solution Ir3Mg13−xInx with

x = 2.37 and 3.36 [3]. In our recent manuscript we have
discussed the complicated structure in detail. Conse-
quently we give only a brief description here. The lat-
tice parameters and the cell volumes of binary Ir3Mg13

and the ternary compounds Ir3Mg13−xInx with x = 2.37
and 3.36 are almost identical. The magnesium/indium
mixing has only a minor influence on these parame-
ters. Nevertheless, we observe small differences in the
atomic positions. This shift in the atomic parameters
from Ir3Mg13 via Ir3Mg10.63In2.37 to Ir3Mg9.64In3.36

nicely correlates with the indium content. The Ir, Mg1,
Mg2, Mg3, and Mg4 atoms have coordination numbers
11, 14, 15, 14, and 12, respectively. These polyhedra
show a complex intergrowth in the relatively large unit
cell as presented in [3].

The shorter Rh–Mg and Ir–Mg distances range from
264 to 283 pm in RhMg3, and from 271 to 282 pm
in Ir3Mg13. They are only slightly larger than the sum
of the covalent radii of 261 (Rh + Mg) and 262 pm
(Ir + Mg) [22]. We can thus assume significant transi-
tion metal–magnesium bonding in these intermetallics.
The Mg-Mg distances cover large ranges in RhMg3

(291 – 343 pm) and Ir3Mg13 (290 – 379 pm). Most
Mg-Mg distances are significantly shorter than in hcp
magnesium (320 pm average Mg–Mg distance) [23].
Thus, strong Mg–Mg interactions dominate the chem-
ical bonding in these magnesium rich intermetallics.
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[5] R. Černý, G. Renaudin, V. Favre-Nicolin, V. Hlukhyy,
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10, 73 (1977).

[10] G. M. Sheldrick, SHELXL-97, Program for Crystal
Structure Refinement, University of Göttingen, Ger-
many (1997).

[11] R. I. R. Blyth, P. T. Andrews, N. Heritage, P. J. R.
Birtwistle, J. Phys.: Condens. Matter 3, 8869 (1991).

[12] R. Ferro, J. Less-Common Met. 1, 424 (1959).
[13] R. Ferro, G. Rambaldi, J. Less-Common Met. 2, 383

(1960).
[14] K. Schubert, K. Anderko, Z. Metallkd. 42, 321 (1951).
[15] J. L. C. Daams, J. H. N. van Vucht, Philips J. Res. 39,

275 (1984).



V. Hlukhyy et al. · Synthesis and Structure of RhMg3 and Ir3Mg13 255

[16] K.-J. Range, P. Hafner, J. Alloys Compd. 183, 430
(1992).

[17] K.-J. Range, P. Hafner, J. Alloys Compd. 191, L5
(1993).

[18] H. Bärnighausen, Commun. Math. Chem. 9, 139
(1980).

[19] H. Bärnighausen, U. Müller, Symmetriebeziehungen
zwischen den Raumgruppen als Hilfsmittel zur straf-
fen Darstellung von Strukturzusammenhängen in der

Kristallchemie, University of Karlsruhe and Univer-
sity/GH Kassel, Germany (1996).

[20] G. Brauer, E. Zintl, Z. Phys. Chem. 37B, 323 (1937).
[21] L.-E. Edshammar, Acta Chem. Scand. 21, 1104 (1967).
[22] J. Emsley, The Elements, Oxford University Press, Ox-

ford (1999).
[23] J. Donohue, The Structures of the Elements, Wiley,

New York (1974).


