
Most of the binary metallic systems are widely
investigated and the information about the compo-
sition of the compounds, their crystal structure and
formation conditions are represented by the respec-
tive phase diagrams (commonly in the composi-
tion − temperature coordinates) which are collected
in the reference books and data bases [1].
Nevertheless, a careful re-examination of these data
shows that some of the reported phases are not com-
pletely investigated. An application of the different
preparation techniques, e.g., synthesis by using self-
flux of one of the constituent component such as Al,
Ga, or Bi, allowed us recently to shed new light on
the phase equilibria in some binary systems and to
synthesize a series of new binary compounds, most
of them with unique crystal structures. For instance,
the phase equilibria and phase formation in the
binary system Bi−Rh  depends on the cooling rate
of the melt. Different phases can be obtained as sin-
gle crystals in the Bi-rich region, e.g., by slow cool-
ing of the melt below the liquidus, Bi14Rh3 crystal-
lizes, while Bi4Rh  forms if the melt is rapidly
cooled to below liquidus and then annealed [2].

Typically, the crystal structure determination of
the so-obtained phases is hampered by the system-
atic twinning in the investigated specimens.
Nevertheless, the structure solution and refinement
can be significantly facilitated and accelerated by

utilizing state-of-the-art single crystal instruments,
e.g., area detectors, in combination with the mod-
ern data reduction software which includes very
useful graphical tools and allows a better analysis
of the collected data [3]. Here we report on the syn-
thesis and the crystal structure of binary phases
which were initially reported as „PtGa6“ [4] and
„MnGa6“ [5] about fifty years ago.

These new platinum and manganese gallium-rich
compounds were synthesized by reaction of the
respective precursors „PtGa3“ and „MnGa6“ with
an excess of Ga at different temperatures
(160 °C − 360 °C) and subsequent removing of the
flux by high-temperature centrifugation-aided fil-
tration (HTCAF) [6−8].

The crystal structure investigation of „PtGa6“
revealed PtGa5 as the correct composition for this
phase. According to the results of differential ther-
mal analysis and in situ X-ray powder diffraction
the platinum pentagallide decomposes peri tecti cally
at 294 °C: PtGa5 → Pt3Ga7 + L. The collected X-ray
single crystal diffraction data can be described on
the basis of two reticularly twinned domains that
possess a primitive monoclinic unit cell (space
group P21/m, a = 6.3951(7) Å, b = 15.882(2) Å,
c = 8.839(2) Å, β = 110.26(1)°) and which are
related by the matrix 10 ½ 010 001 (Fig. 1) .
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Fig. 1: (left) Schematic arrangement of the twinned components in the PtGa5 crystal sketched in the projection of the recip-
rocal space along b*. Single-coloured dots correspond to individual reflections of each domain. Circles of two colours sym-
bolize overlapping reflections. (right) Projection of the structure of PtGa5 along [010] with the pronounced densely packed
slabs of atoms located within (104) planes.
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The structure solution performed by decomposi-
tion of the collected data set into the constituting
parts and the subsequent refinement of the crystal
structure resulted in residuals of RF = 0.039 and
Rw = 0.103 with a twin component ratio of
0.596(2) : 0.404. The dominant part (5/6) of atoms
in the crystal structure of PtGa5 is located on the
pronounced planes perpendicular to the [001]
direction (Fig. 1). The presence of such densely
packed layers of atoms in the structure may be
regarded as a reason for the twinning which obvi-
ously occurs during the crystal growth.

The investigation of the gallium-rich part of the
binary Mn−Ga system clearly indicated that the
composition designated in the literature as „MnGa6“
is actually Mn6Ga29 (MnGa4.83). Combining differ-
ential thermal analysis, X-ray single-crystal diffrac-
tion techniques and in situ high-temperature powder
diffraction performed at beamline ID31 of ESRF we
have established the existence of three modifications
of the compound Mn6Ga29. The corresponding a−β
and β−γ phase transitions occur at ~ 145 °C and 
~210 °C (Fig. 2). Whereas the α and β modifications
were examined at ambient conditions, γ-Mn6Ga29

(tetragonal, space group P4/m, a = 6.3464(1) Å,
c = 10.0235(4) Å) is not accessible by quenching
the sample to room temperature. Rather, it is only
detected in the powder diagrams collected at high
temperatures. The upper limit of the existence of γ-
Mn6Ga29 is ~ 390 °C, where this phase undergoes a
peritectic decomposition: γ-Mn6Ga29 → MnGa4 + L.

The crystal structure models of the a and β phas-
es were determined from systematically twinned
specimens: triclinic, space group P 1,
a = 6.3020(5) Å, b = 9.9388(7) Å, c = 18.911(2) Å,
α = 90.52(1)°, β = 90.79(1)°, γ = 90.43(1)° for the
α phase and monoclinic, space group P2, a 9(3) Å,
b = 9.9685(5) Å, c = 31.431(2) Å, β = 90.79(1)° for
the β phase. The relation between two domains
twinned by reticular merohedry is defined by the
matrixes 0 0 ⅓   0 1 0 3 0 0 and 0 0 ¹/5 0 1 0   5 0 0,
for the α and the β modification, respectively. The
formation of the twinned agglomerates could be
easily explained taking into account the fact that
low-temperature modifications are formed by dis-
placive phase transitions accompanied by the step-
wise deformation of the structural motif of the
high-temperature tetragonal γ-Mn6Ga29 phase. 

The characteristic building element of the investi-
gated crystal structures is a distorted monocapped
tetragonal antiprism formed by Ga species around
the transition metal atom (Pt or Mn). In the atomic
motif of PtGa5 each antiprism shares atoms with
five neighboring polyhedra interconnected via four
edges and one vertex resulting in a 3D network
(Fig. 3). In the pattern of Mn6Ga29 each tetragonal
antiprism [MnGa8] has again five neighbors, but
their linkage is different. The tetragonal antiprisms
are condensed in pairs by their pseudo-tetragonal
faces and connected with four more antiprisms by
the remaining four vertices (Fig. 3).

Fig. 2: Selected powder patterns collected upon heating from room temperature to 250 °C and subsequent cooling for the
Mn6Ga29 phases. Green, red and violet patterns correspond to the α, β and γ modifications, respectively. Regions of α−β and
β−γ transitions are indicated in yellow.
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α phase and monoclinic, space group P2, a = 
b.2909(3) Å, b = 9.9685(5) Å, c = 31.431(2) Å, β =
90.79(1)° for the β phase. The relation between two
domains twinned by reticular merohedry is defined
by the matrixes 00¹/3 0 10 300 and 00¹/5 0 10 500,



The building unit just described (tetragonal
antiprism around transition metal atoms) is typical
for a series of the binary compounds, e.g., CuAl2

[9,10], α- and β-CoSn3 [11], PtSn4 [12], Co2Al9,
Rh2Ga9 [13], PdGa5 [14], Rh4Ga21 and Rh3Ga16

[15]. As expected, most of these structures are
either tetragonal (CuAl2, PdGa5, β-CoSn3) or some
parts of the structures adopt a pseudo-tetragonal
symmetry (α-CoSn3, PtSn4, Rh4Ga21, Rh3Ga16,
a- and β-Mn6Ga29). From this point of view the
atomic arrangements of Co2Al9, Rh2Ga9 and PtGa5

are unique in this series, because the pseudo-four-
fold axes of their tetragonal antiprisms are restrict-
ed to the building unit only and does not extend
throughout the whole structure (e.g., layers,
columns).
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Fig. 3: Crystal structures of PtGa5, α-, β-, and γ-Mn6Ga29 represented as condensed tetragonal antiprisms of gallium atoms
formed around transition metal atoms. 
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