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Single crystals of the ternary compound ErZnGa were synthesized by induction melting. The crystal 
structure, characterized by an ordered distribution of all atoms, was determined by means of X-ray single-
crystal diffraction (diffractometer STOE IPDS IIT, Mo Kα radiation): structure type LiGaGe (ordered 
derivative of the CaIn2 type), Pearson symbol hP6, space group Р63mc, a = 4.3928(6), с = 7.0367(14) Å. 
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Introduction 
 
The search for isostructural intermetallic compounds 
in closely related ternary systems R–Т–Х (R – rare-
earth metal, Т – transition metal, Х – р-element) with 
the purpose to study the influence of electronic factors 
on the formation of the crystal structure of compounds 
with appropriate physical, chemical and mechanical 
properties is an important task of modern materials 
science [1]. In the ternary system Er–Cu–Ga the 
formation of a solid solution of substitution type, 
based on the binary compound ErCu2 (structure type 
KHg2, Pearson symbol oI12, space group Imma) has 
been reported [2-5]. In this phase the Ga atoms are 
able to substitute for half (or even more [6]) of the Cu 
atoms, achieving the composition ErCuGa. The 
ternary system Er–Zn–Ga, which is closely related to 
Er–Cu–Ga, has not yet been studied systematically. In 
this system the interaction between the components 
leads to the formation of the ternary compound 
ErZnGa. For this compound the cell parameters were 
determined (a = 4.393, c = 7.048 Å) from X-ray 
powder diffraction [7] and the structure type CaIn2 
(Pearson symbol hP6, space group Р63/mmc [8]) was 
assigned. 
 The aim of the present work was synthesis of the 
single crystals of the ErZnGa ternary compound and 
their precise investigation by means of XRD and EDX 
analyses. 

 
Experimental 
 
An alloy of nominal composition ErZnGa was 
synthesized from the pure elements (≥ 99.99 at.% of 
the main component), which where sealed under argon 
into a niobium container, and heated in a high-
frequency furnace (TIG 2.5/300, Hüttinger Elektronik) 
at 1300°C for 70 minutes. Then the alloy was slowly 
cooled to room temperature, which led to the 
formation of single crystals in the form of hexagonal 
plates. 
 A well-faceted single crystal was extracted from 
the alloy, mounted on a glass fiber and X-ray 
diffraction data were collected at room temperature on 
a Stoe IPDS IIT diffractometer (Mo Kα radiation,  
λ = 0.71073 Å) equipped with an Imaging Plate 
detector. An analytical absorption correction was 
applied using X-Shape/X-Red software [9,10]. No 
significant variation of the intensities was observed 
during the data collection. 
 The crystal structure of ErZnGa was solved by 
direct methods and refined by a least-squares method 
using the program package WinGX [11]. Hexagonal 
symmetry and the cell parameters a = 4.3928(6),  
c = 7.0367(14) Å indicated a CaIn2- (space group 
P63/mmc) or LiGaGe-type (space group P63mc) 
structure [12]. In the former the Zn and Ga atoms 
statistically occupy a site in Wyckoff position 4f, 
whereas in the latter they occupy two independent 
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Table 1 Experimental details and crystallographic data for ErZnGa. 
 

Composition ErZnGa 
Formula weight, Mr 302.35 
Structure type LiGaGe 
Pearson symbol hP6 
Space group Р63mc 
Unit-cell parameters: a, Å 
 c, Å 

4.3928(6) 
7.0367(14) 

Cell volume V, Å3 117.59(3) 
Formula units per cell Z 2 
Density DX, g cm-3 8.539 
Absorption coefficient µ, mm-1 56.398 
Crystal size, mm 0.05×0.05×0.02 
Color metallic grey 
F(000) 258 
Radiation, wavelength λ, Å Mo Kα, 0.71073 
# of reflections: measured 
 independent 
 with I≥2σ(I) 

1764 
128 
117 

Reliability factor Rint 0.1112 
Range of h, k, l -5 ≤ h ≤ 5, -5 ≤ k ≤ 5, -8 ≤ l ≤ 8 
Range θ, º 5.36-27.03 
Reliability factors: R (I≥2σ(I)) 
 wR (I≥2σ(I)) 
 S 

0.0521 (0.0482) 
0.1034 (0.0996) 

1.366 
# of refined parameters 11 
Weighting scheme 1/[(σFo)

2+(0.0668P)2],  
P = (Fo

2 + 2Fc
2)/3 

Residual electron density:  ∆ρmax, e Å-3 
 ∆ρmin, e Å-3 

3.707 
-3.259 

Extinction coefficient [13] 0.041(11) 
 

 
Fig. 1 Atom arrangement and coordination polyhedra in the structure of ErZnGa. 

 
positions 2b. It is not possible to state with certainty 
based on X-ray diffraction data that the Zn and Ga 
atoms (30 and 31 electrons, respectively) adopt an 
ordered atom arrangement, however, good interatomic 
distances (δ(Er-Zn) shorter than δ(Er-Ga)) and 
displacement parameters were obtained for the 
refinement in the noncentrosymmetric space group 
P63mc. Crystal data and details of the data collection 
and structure refinement are given in Table 1. 
 Additionally, the chemical composition of the 
single crystal was checked by means of energy 

dispersive X-ray analysis using a scanning electron 
microscope JEOL SEM 5900LV. The obtained 
composition agrees well with the nominal composition 
of the synthesized alloy (Table 2). 
 
 
Results and discussion 
 
The least-squares refinement confirmed the 
classification of the ErZnGa structure into the LiGaGe 
type [12]. The refined atom coordinates and 

x y 

z 
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Table 2 Results of the X-ray spectral analysis of the single crystal ErZnGa. 
 

Element Content, at. % Accuracy of analysis, at. % 
Er 33.6 ± 3.9 
Zn 33.8 ± 5.1 
Ga 32.6 ± 5.0 

 
 

Table 3 Atomic coordinates and displacement parameters (Å2) for ErZnGa (hP6, Р63mc, a = 4.3928(6),  
c = 7.0367(14) Å). 

 

Site 
Wyckoff 
position 

x y z Ueq 

Er 2a 0 0 0.000(3) 0.0139(7) 
Zn 2b 1/3 2/3 0.7140(3) 0.015(3) 
Ga 2b 1/3 2/3 0.2798(11) 0.015(3) 

 
Site U11 U22 U33 U12 U13 U23 
Er 0.0089(7) U11 0.0238(10) 1/2U11 0 0 
Zn 0.007(4) U11 0.031(10) 1/2U11 0 0 
Ga 0.008(3) U11 0.028(9) 1/2U11 0 0 

 
 

Table 4 Interatomic distances (δ) and coordination numbers (CN) of the atoms in the structure of ErZnGa 
(hP6, Р63mc, a = 4.3928(6), c = 7.0367(14) Å). 

 
Atoms δ, Å CN 

– 3 Zn 2.949(11) 
– 3 Ga 2.972(11) 
– 3 Ga 3.211(13) 
– 3 Zn 3.238(13) 

Er 

– 2 Er 3.5184(7) 

14 

– 3 Ga 2.5782(15) 
– 3 Er 2.949(11) 
– 1 Ga 3.055(8) 

Zn 

– 3 Er 3.238(13) 

10 

– 3 Zn 2.5782(15) 
– 3 Er 2.972(11) 
– 1 Zn 3.055(8) 

Ga 

– 3 Er 3.211(13) 

10 

 
displacement parameters are listed in Table 3. The 
structure of the ternary compound ErZnGa can be 
considered as an ordered derivative of the CaIn2 type 
[8], the realization of which is accompanied by 
lowering of the hexagonal symmetry (P63/mmc → 
P63mc). The content of the unit cell and the 
coordination polyhedra of the three independent atom 
positions in the structure of ErZnGa are shown in 
Fig. 1. Comparing the unit cells of the structures of 
CaIn2 (space group P63/mmc) and ErZnGa (P63mc) 
(Fig. 2) one can see that in the structure of ErZnGa the 
four-fold position of the small-size atoms (4f, 
P63/mmc), which in the structure type CaIn2 is 
occupied by In atoms, is split into two two-fold 
(already not restrained by a mirror plane m) positions 
(2b, P63mc). Each of crystallographically independent 
positions 2b is occupied by Zn and Ga atoms. In the 
ordered derivative of the CaIn2 type, LiGaGe (P63mc) 

[12], the Li atoms occupy the positions of the Er 
atoms, the Ga and Ge atoms the positions of the Zn 
and Ga atoms in the structure of ErZnGa. 
 

    
 

Fig. 2 Unit cells of the structures of CaIn2 and 
ErZnGa. 
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 The coordination polyhedra of the atoms in the 
structure of ErZnGa (see Fig. 1) are identical to the 
polyhedra in the structures of CaIn2 and LiGaGe: 
distorted hexagonal prisms with centered bases around 
the Er atoms, and trigonal prisms formed by Er atoms 
capped by four Ga or Zn atoms forming a tetrahedron 
around the Zn and Ga atoms. The interatomic 
distances within the coordination polyhedra are listed 
in Table 4. Their values show a good correlation with 
the sum of the atomic radii of the components.  
A considerable shortening of the interatomic distances 
in the investigated structure is not observed. 
 
 
Conclusions 
 
The structure of the ternary compound ErZnGa 
belongs to the LiGaGe type (Pearson symbol hP6, 
space group Р63mc, a = 4.3928(6), с = 7.0367(14) Å). 
Its noncentrosymmetric structure is an ordered 
derivative of CaIn2 type (Pearson symbol hP6, space 
group Р63/mmc). The Er atoms occupy the positions of 
the Li atoms, the Zn and Ga atoms the positions of the 
Ga and Ge atoms in the structure of LiGaGe. 
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