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The crystal structure of a new ternary aluminide, Sc3Cu7.5Al 7.5, was solved by direct methods from X-ray 
powder diffraction data. It crystallizes with a partly disordered occupation variant of the structure type 
Sc3Ni11Ge4 (Pearson symbol hP38, space group P63/mmc, a = 8.4848(1), c = 8.8593(1) Å). The hexagonal unit 
cell of Sc3Cu7.5Al 7.5 contains 36 atoms, distributed over seven crystallographic sites (Sc atoms: one site, 
statistical mixtures of Cu and Al atoms: four sites, Cu atoms alone: two partly occupied sites). The main 
feature of the structure is the clustering of the Sc atoms into triangles with relatively short interatomic 
distances (δSc-Sc = 3.446(2) Å). The coordination polyhedra of the Sc atoms are pentagonal prisms (with seven 
capping atoms) and those of the sites occupied by atoms of the statistical mixtures icosahedra, and those of 
the remaining Cu atoms trigonal prisms (with three capping atoms) or trigonal antiprisms.  
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Introduction 
 
Data available on the Sc–Cu–Al system and other  
R–Cu–Al systems were reviewed in [1]. The 
interaction of the components in the Sc–Cu–Al system 
at 500°C has been investigated in the concentration 
range 0-33.3 at.% Sc [2]. The existence of two 
previously reported compounds: ScCu2Al (structure 
type CsCl, Pearson symbol cP2, space group Pm-3m) 
and ScCuAl (MgZn2, hP12, P63/mmc) [3], was 
confirmed, the formation of seven new ternary 
intermetallics was established, and the partial 
isothermal section of the phase diagram was 
constructed. The crystal structure of the extended solid 
solution ScCu4-6.6Al 8-5.4 was identified as belonging to 
the structure type ThMn12 (tI26, I4/mmm). For the 
intermetallide assigned the approximate composition 
ScCu2Al 2 (A), orthorhombic cell parameters were 
determined, whereas for the remaining five 
compounds, ScCu4Al3 (E), Sc3Cu13Al4 (D), ScCu3Al2 (B), 
Sc3Cu8Al7 (C), and ScCu1.4Al0.6 (F), only approximate 
compositions were established. Independent studies of 
the Al-rich part of the system [4-6] led to slightly 
different conclusions concerning the tie-lines in this 
part of the system, both at 450 and 500°C. The authors 
also studied a few polythermal sections and the 
corresponding part of the solidus projection. 

Later on, the compositions of the compounds 
~Sc3Cu13Al 4, ~ScCu3Al 2, and ~Sc3Cu8Al 7 were 

refined to Sc2Cu7.5Al 3.5, Sc6Cu16.4Al 13.9, and 
Sc3Cu9Al 7, respectively, and cell parameters were 
determined [7,8]. The crystal structure of a new 
compound, ScCu0.6Al 1.4, was found to belong to the 
hexagonal MgNi2 type (hP24, P63/mmc) [7-9].  
The crystal structure of the compound ScCu2Al  
was redetermined based on X-ray single-crystal 
diffraction and the cubic MnCu2Al type (cF16,  
Fm-3m), assigned in [10], was confirmed [7-9], 
whereas the CsCl type (cP2, Pm-3m) reported in [3] 
may correspond to a stabilized modification of the 
same compound. 

Two more compounds, with own structure types, 
form in the system Sc–Cu–Al: Sc2Cu6.25Al 4.75 (oS108, 
Cmmm) and Sc6Cu24.1Al 11.9 (cI176, Im-3) [11,12]. The 
starting model for the crystal structure of the 
compound Sc2Cu6.25Al 4.75 was constructed 
theoretically using the so-called ‘cell constrained 
melt-quenching technique’ [11]. The crystal structure 
of Sc6Cu24.1Al 11.9 was solved by direct methods from 
X-ray powder diffraction data and may be described 
as a packing of 16-vertex coordination polyhedra of 
the Sc atoms, which form icosahedral clusters around 
the origin and the center of the body-centered unit cell 
[12]. The voids at the centers of the clusters are filled 
by Cu4 empty tetrahedra, disordered between two 
possible orientations. The crystallographic parameters 
of compounds reported in the Sc–Cu–Al system are 
listed in Table 1. 
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Experimental 
 
An alloy of nominal composition Sc20Cu40Al 40 and 
total mass 1 g was synthesized from the metals  
(purity for Sc ≥ 99.99 mass%, Cu ≥ 99.99 mass%, 
Al ≥ 99.998 mass %) by arc melting, in a water-cooled 
copper crucible with a tungsten electrode under a 
purified argon atmosphere (using Ti as a getter). The 
ingot was annealed at 600°C under vacuum in a quartz 
ampoule for 1 month, and subsequently quenched in 
cold water.  
 Phase and structural analyses were performed 
using X-ray powder diffraction data collected on a 
diffractometer STOE Stadi P (Cu Kα1-radiation) in the 
angular range 6° ≤ 2θ ≤ 107.745° (step 0.015°, scan 
time 230 s per step). The sample was found to contain 
two ternary intermetallics, Sc3Cu7.5Al 7.5 and 
ScCu0.6Al 1.4 (89 and 9 mass%, respectively), and small 
amounts of Sc2O3 (2 mass%). The profile and 
structural parameters were refined by the Rietveld 

method, using the program DBWS-9708 [13].  
After several tests of different models, Wyckoff 
positions 2a and 2b were found to be partly occupied 
by Cu and in the final refinement the sum of their 
occupancies was constrained to 1. The structure 
drawings were made with the program ATOMS [14]. 
Experimental details of the structural refinement and 
the crystallographic data of the ternary compound are 
presented in Table 2. 
 
 
Results and discussion 
 
Atomic coordinates and isotropic displacement 
parameters for Sc3Cu7.5Al 7.5 are given in Table 3, 
interatomic distances, coordination numbers, and 
coordination polyhedra are listed in Table 4. The 
experimental, calculated and difference X-ray powder 
diffraction patterns of the sample Sc20Cu40Al 40 are 
shown in Fig. 1. 

 
 

Table 1 Crystallographic parameters of the compounds in the Sc–Cu–Al system. 
 

Compound 
Structure  

type 
Pearson  
symbol 

Space  
group 

a, Å b, Å c, Å Ref. 

ScCu4-6.6Al 8-5.4 ThMn12 tI26 I4/mmm 8.66-8.63 – 4.43-5.10 [3] 
ScCu4Al 3 ... ... ... ... ... ... [2] 
Sc6Cu24.1Al 11.9 Sc6Cu24.1Al 11.9 cI176 Im-3 13.5337 – – [12] 
Sc2Cu6.25Al 4.75 Sc2Cu2(Cu0.47Al 0.53)9 oS108 Cmmm 8.337 22.02 8.305 [11] 
Sc2Cu7.5Al 3.5 ... hP24 P6/mmm 4.913 – 18.420 [8] 
Sc3Cu9Al 7 ... oS116 Cmmm 8.355 21.977 8.319 [8] 
Sc6Cu16.4Al 13.9 
Sc3Cu7.5Al 7.5 

... 
Sc3Ni11Ge4 

hP44 
hP38 

P63/mmc 
8.493 
8.4848(1) 

– 
8.870 
8.8593(1) 

[8] 
this work 

ScCu2Al 2 ... o... ... 8.46 8.86 14.65 [2] 
ScCu2Al MnCu2Al cF16 Fm-3m 6.2033 – – [9] 
Sc0.5CuAl0.5 stab. CsCl cP2 Pm-3m 3.10 – – [3] 
ScCu0.6Al 1.4 MgNi2 hP24 P63/mmc 5.252 – 17.113 [9] 
ScCuAl MgZn2 hP12 P63/mmc 5.04 – 8.24 [3] 
ScCu1.4Al 0.6 … … … … … … [2] 
 
 

Table 2 Details of the Rietveld refinement of the sample Sc20Cu40Al 40.  
 
Refined composition Sc3Cu7.49(8)Al 7.51(8) ScCu0.6Al 1.4 Sc2O3 
Content, mass% 89(1) 9(1) 2(1) 
Structure type Sc3Ni11Ge4 MgNi2 (Mn0.5Fe0.5)2O3 
Space group P63/mmc P63/mmc Ia-3 
Cell parameters: a, Å 
 c, Å 

8.4848(1) 
8.8593(1) 

5.2462(1) 
17.1037(8) 

9.8392(6) 
– 

Cell volume V, Å3 552.35(1) 407.68(2) 952.54(9) 
Formula units per cell Z 2 8 16 
Density DX, g cm-3 4.891 3.938 3.847 
Number of reflections 156 129 101 
Reliability factor RB 0.0450 0.1037 0.1043 
FWHM parameters U, V, W 0.021(3), 0.001(3), 0.0160(9) 
Mixing parameter η 0.481(6) 
Asymmetry parameter CM -0.048(8) 
Number of refined parameters 31 
Reliability factors Rp, Rwp 0.0556, 0.0732 
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 The hexagonal unit cell of Sc3Cu7.5Al 7.5 contains 
36 atoms distributed over seven sites: one site is 
occupied by Sc atoms, two (partly occupied) by Cu 
atoms, and four sites by statistical mixtures of Cu and 
Al atoms in different ratios; the refined composition of 
the compound was Sc3Cu7.49(8)Al 7.51(8). The two Cu 
sites (2b and 2a) cannot be occupied simultaneously, 
since too short distances (2.215 Å) will occur in the 
structure. The Sc atoms center M8Sc2 pentagonal 
prisms with seven (M6Cu) additional atoms, whereas 
the Cu atoms are situated inside M6 trigonal prisms 
with three (Sc3) additional atoms, or M6 trigonal 
antiprisms. The coordination polyhedra of the sites 

occupied by the atoms of the statistical mixtures are 
icosahedra: M8CuSc3 for M1, M10Sc2 for M2, M8Sc4 
for M3, and M9Sc3 for M4. 
 The structure of Sc3Cu7.5Al 7.5 is closely related to 
the structure types Sc3Ni11Ge4 (hP38, P63/mmc, 
a = 8.130, c = 8.505 Å [15]) and Gd3Ru4Al 12 (hP38, 
P63/mmc, a = 8.8142, c = 9.5692 Å [16]). As can be 
seen from Table 5 the structure of Gd3Ru4Al 12 [17] 
may be considered as a substitution variant of the 
structure of Sc3Ni11Ge4, which is a partly disordered 
variant of the Sc3Ni11Si4 [18] type, all three structures 
being ternary derivatives of the binary ErZn5 [19] and 
EuMg5.2 [20] types.  

 
 

Table 3 Atom coordinates and isotropic displacement parameters for Sc3Cu7.5Al 7.5: structure type 
Sc3Ni11Ge4, hP38, P63/mmc, a = 8.4848(1), c = 8.8593(1) Å. 

 

Site 
Wyckoff  
position 

x y z Biso, Å
2 

Sc 6h 0.1980(2) 0.3960(2) ¼ 1.19(6) 
M1 = 0.446(6)Cu + 0.554(6)Al 12k 0.1563(2) 0.3126(2) 0.5900(2) 
M2 = 0.443(5)Cu + 0.557(5)Al 6h 0.5665(2) 0.1330(2) ¼ 
M3 = 0.738(7)Cu + 0.262(7)Al 6g ½ 0 0 
M4 = 0.136(6)Cu + 0.864(6)Al 4f ⅓ ⅔ 0.0026(4) 

1.04(2) 

Cu1 = 0.612(3)Cu 2b 0 0 ¼ 
Cu2 = 0.388(3)Cu 2a 0 0 0 

1.58(9) 

 
 

Table 4 Interatomic distances, coordination numbers (CN), and coordination polyhedra for Sc3Cu7.5Al 7.5. 
 

Atoms δ, Å CN Polyhedron Atoms δ, Å CN Polyhedron 
Sc – 1 Cu1a 

– 2 M4 
– 2 M2 
– 6 M1 
– 4 M3 
– 2 Sc 

2.909(1) 
2.960(3) 
2.979(3) 
3.011(2) 
3.160(1) 
3.446(2) 

17 M3 – 2 M2 
– 2 M4 
– 4 M1 
– 4 Sc 

2.421(1) 
2.449(0) 
2.652(1) 
3.160(1) 

12 

 

M1 – 1 Cu2a 
– 2 M3 
– 2 M2 
– 1 Cu1a 
– 1 M4 
– 3 M1 
– 3 Sc 

2.431(1) 
2.652(1) 
2.668(2) 
2.698(2) 
2.729(2) 
2.796(2) 
3.011(2) 

12 

 

M4 – 3 M3 
– 3 M2 
– 3 M1 
– 3 Sc 

2.449(0) 
2.679(3) 
2.729(2) 
2.960(3) 

12 

 

M2 – 2 M3 
– 2 M2 
– 4 M1 
– 2 M4 
– 2 Sc 

2.421(1) 
2.551(2) 
2.668(2) 
2.679(3) 
2.979(3) 

12 

 

Cu1a – 2 Cu2a 
– 6 M1 
– 3 Sc 

2.215(0) 
2.698(2) 
2.909(1) 

9 

 
 
 
 
 
a partly occupied sites (Cu1 = 0.612(3)Cu,  
Cu2 = 0.388(3)Cu) 

Cu2a – 2 Cu1a 
– 6 M1 

2.215(0) 
2.431(1) 

6 
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 Contrary to the structure type Gd3Ru4Al 12, where 
an ordered arrangement of alternating Ru (2a) and Al 
(2b) atoms is observed along the 63 axis, but similarly 
to the type Sc3Ni11Ge4, in Sc3Cu7.5Al 7.5 the Wyckoff 
sites 2a and 2b are partly occupied. Thus, the structure 
of the compound Sc3Cu7.5Al 7.5 may be considered as a 
partly disordered derivative of the structure type 
Sc3Ni11Ge4. In the structure of Sc3Ni11Ge4 each atom 
site is occupied by one chemical element. However, in 
the structure of Sc3Cu7.5Al 7.5 four of the six sites of the 
smaller atoms are occupied by statistical mixtures of 
Cu and Al atoms, the remaining Cu atoms being 
distributed over two sites situated on the c-axis, which 
are partly occupied by Ge atoms in the prototype.  
 The structure type Sc3Ni11Ge4 has only two known 
representatives; in addition to the type-defining 
compound it has been reported for Yb3Ni11Ge4 [21]. 
On the contrary, a relatively large number of 
representatives are known for the structure type 
Gd3Ru4Al 12 [22,23], among which the majority have 
been reported at the stoichiometric composition 
3:4:12. In the case of the compounds Y3Ru4Al 12 
(refined composition Y3Ru4.06Al 11.94) [24] and 
U3Co4Al 12 (U3Co4.55Al 11.45) [25] (similarly to the 
prototype) substitution of Ru/Co for Al takes place on 
one site, the site in Wyckoff position 6h. Refinements 
of Os-rich compositions of the phases R3Os4Al 12 
(R = Nd, Gd) [24], confirmed preferential substitution 
on the site in Wyckoff position 6h, but very small 
amounts were also detected in 12k and 4f. For the 
isotypic compound La3Ag4Mg12 a different atom 
distribution was observed [26] at the “ideal” 
composition. As in the title compound, the minority 
atoms, in this case Ag, exclusively occupy the site 2a. 
The site 6g, which is also occupied by minority atoms 
in Gd3Ru4Al 12, contains the major part of the 
remaining Ag atoms, but statistical Ag/Mg 
occupations were refined for three sites: 12k, 6h, 6g. 
Mixed occupation on all the sites occupied by the 
smaller atoms (Mg and Ag), except the site in 2a, was 
refined for Ce3Ag4.7Mg11.3 [27], but the refinement 
clearly showed preferential occupation of site 6g by 
Ag atoms. Ordered structures were observed for the 
isotypic silicides R3Ni12Si4 (R = Ho, Er, Tm) [28], 

where the positions of the p- and d-elements are 
interchanged with respect to the structure of 
Gd3Ru4Al 12. Contrary to the structure reported for 
ScNi11Si4, both sites located on the c-axis, 2a and 2b, 
were found to be fully occupied.  
 The structure of Sc3Cu7.5Al 7.5, similarly to 
Sc3Ni11Ge4 and Gd3Ru4Al 12, is built up of two kinds of 
layer perpendicular to the crystallographic direction 
[001]: planar layers of composition Sc3M3Cu0.61 and 
puckered layers of composition M11Cu0.39. As can be 
seen from Fig. 2, four layers are stacked within the 
unit cell in the following sequence: M11Cu0.39-
Sc3M3Cu0.61-M11Cu0.39-Sc3M3Cu0.61. 
 In the Sc3M3Cu0.61 layers the Sc atoms and atoms 
of the statistical mixture M2 (0.443(5)Cu + 
0.557(5)Al) form Sc3 and M3 triangles, respectively, 
which have the same orientation within the layer. The 
interatomic distances within the triangles are  
δSc-Sc = 3.446(2) and δM2-M2 = 2.551(2) Å, i.e. the  
Sc-Sc distances are comparable with the contact 
distances in pure scandium (3.253 Å [29]). Hence, one 
of the main features of the structure is the clustering of 
the Sc atoms into triangles. The M11Cu0.39 layer is 
close-packed, however slightly puckered (1.595 Å-
thick). The layers of the atoms of the statistical 
mixture M1 (0.446(6)Cu + 0.554(6)Al) are not 
situated exactly at the center of the slab, but slightly 
shifted up and down with respect to the central layer. 
The latter is composed of atoms of the statistical 
mixture M3 (0.738(7)Cu + 0.262(7)Al), which form 
kagome nets, the triangles of which are centered by 
atoms of the statistical mixture M4 (0.136(6)Cu + 
0.864(6)Al). The Cu atoms from the Wyckoff sites 2a 
and 2b are located along the crystallographic direction 
[001] in statistical disorder (61.2 % at z = 1/4 and 3/4, 
38.8 % at z = 0 and 1/2).  
 Comparing our results with the literature data on 
the Sc–Cu–Al system, it is interesting to note (see 
Table 1) that the orthorhombic cell reported for 
ScCu2Al 2 (compound A in [2]) is practically identical 
to the orthohexagonal cell calculated for Sc3Cu7.5Al 7.5 
(ao = 8.46 ≈ ah = 8.4848, bo = 8.86 ≈ ch = 8.8593, 
co = 14.65 ≈ √3ah = 14.696 Å. The hexagonal cell 
parameters determined for the phase called 

 
 

Table 5 Distribution of the atoms in different Wyckoff positions of space group P63/mmc and site 
occupations for compounds with related structure types.  

 
Compound Wyckoff 

position Gd3Ru4Al 12 Ce4.7Ag4.7Mg11.3 Sc3Ni11Si4 Sc3Ni11Ge4 Sc3Cu7.5Al 7.5 ErZn5 EuMg5.2 
6h Gd Ce Sc Sc Sc Er Eu 
12k Al Mg0.94Ag0.06 Ni Ni Al 0.554Cu0.446 Zn Mg 
6h Al0.96Ru0.04 Mg0.89Ag0.12 Ni Ni Al 0.557Cu0.443 Zn Mg 
6g Ru Ag0.97Mg0.03 Si Ge Cu0.738Al 0.262 Zn Mg 
4f Al Mg0.95Ag0.05 Ni Ni Al 0.864Cu0.136 Zn Mg 
4е – – – – – – Mg0.26 
2b Al Mg0.95Ag0.05 Si Ge0.72 Cu0.612 – Mg0.77 
2a Ru Ag – Ge0.28 Cu0.388 Zn Mg0.40 
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Fig. 1 Experimental (points), calculated (continuous line) and difference (continuous line at the bottom of the 
picture) X-ray powder diffraction patterns (Cu Kα1-radiation) of the sample of composition Sc20Cu40Al 40. 
Vertical lines show the positions of the reflections of the compounds Sc3Cu7.5Al 7.5 (1), ScCu0.6Al 1.4 (2), and 
Sc2O3 (3). 
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z = 3/4 
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z ≈ 1/2 
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b 

z = 1/4 
d 

z ≈ 0 
f 

 
Fig. 2 Projection of the unit cell of the structure of the compound Sc3Cu7.5Al 7.5 along the crystallographic 
direction [001] (a), stacking of layers along [001] (b) and the Sc3M3Cu0.61 (c,d) and M11Cu0.39 (e,f) layers. 
Arrows indicate shifts of the atoms up and down with respect to the central layer. 
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Sc6Cu16.4Al 13.9 [8] are also very close to the values 
refined here, however this phase was assumed to 
correspond to the earlier reported ~ScCu3Al 2 (C in 
[2]). It is not excluded that the Sc3Cu7.5Al 7.5 phase has 
a certain homogeneity range extending along the 
isoconcentrate 16.7 at.% Sc. 
 
 
Conclusions 
 
The ternary compound of refined composition 
Sc3Cu7.49(8)Al 7.51(8) crystallizes with a structure that is 
closely related to the structure types Sc3Ni11Ge4 and 
Gd3Ru4Al 12. The hexagonal unit cell of Sc3Cu7.5Al 7.5 
contains 36 atoms distributed over seven sites. The Sc 
atoms center pentagonal prisms with seven additional 
atoms, and the Cu atoms are situated inside trigonal 
prisms or antiprisms. The coordination polyhedra of 
the sites occupied by atoms of the statistical mixtures 
of Cu and Al atoms are icosahedra. The main feature 
of the structure is the clustering of the Sc (the minority 
element) atoms. 
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