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The isothermal section of the phase diagram of the ternary system Yb–Ga–Sn at 600 °C 
was constructed in the concentration range 0–33.3 at.% Yb by means of X-ray diffraction and 
energy-dispersive X-ray spectroscopy. 

14 alloys were synthesized from high-purity metals (Yb  99.8 mass%,  
Ga  99.99 mass%, Sn  99.9 mass%) by arc melting under argon atmosphere using a water-
cooled copper hearth, a tungsten electrode and Ti sponges as a getter. The alloys were wrapped 
into tantalum foil, sealed in quartz ampoules under vacuum and annealed at 600°C for 720 
hours and finally quenched into cold water. 

Phase analysis and structure refinements were performed using X-ray powder 
diffraction data collected at room temperature on a diffractometer DRON-2.0M (Fe Kα-
radiation, angular range 20º ≤ 2θ ≤ 140º, step 0.05º). The profile and structural parameters were 
refined by the Rietveld method using the FullProf Suite program package [1]. Energy-
dispersive X-ray spectroscopy was carried out on a Tescan Vega3 LMU scanning electron 
microscope.  

The existence of 6 binary compounds at 600 °C was confirmed in the boundary systems 
Yb–Ga and Yb–Sn: YbGa4 (structure type CaGa4), Yb0.89Ga2.97 (own structure type), YbGa2.64 
(own structure type), YbGa2 (CaIn2), YbSn3 (Cu3Au), and Yb3Sn5 (Pu3Pd5). At the temperature 
of investigation (600 °C) Ga and Sn are liquid, i.e. a continuous liquid region is observed along the 
Ga–Sn side of the isothermal section of the phase diagram of the system Yb–Ga–Sn. The binary 
stannide YbSn3 with cubic Cu3Au-type structure dissolves 12 at.% Ga forming a solid solution 
of substitution type. The unit-cell parameter decreases upon the replacement of large Sn atoms 
by small Ga atoms (a = 4.6386(6) Å for YbGa0.48Sn2.52 compared with a = 4.682 Å for YbSn3 
[2]). The other binary compounds do not dissolve noticeable amounts of the third component. 

The existence and crystal structure of the ternary compound YbGaSn [3] were 
confirmed at 600 °C: structure type YPtAs, Pearson symbol hP12, space group P63/mmc, 
a = 4.4397(4), c = 17.3005(18) Å. The structure is characterized by ordered distribution of the 
atoms over four sites: Wyckoff positions 2a and 2b for the Yb atoms, one site 4f for the Ga 
atoms, and one site 4f for the Sn atoms. The structure of YbGaSn derives from the binary type 
AlB2 and is characterized by trigonal-prismatic coordination of the p-element atoms, which 
form corrugated graphite-like nets in the ab plane of the hexagonal structure. X-ray phase, 
structural and spectral analyses of multicomponent samples of different compositions indicated 
absence of any significant homogeneity range for YbGaSn at 600 °C. This phase forms the 
largest number of equilibria (6) at 600 °C in the investigated range of the ternary system Yb–
Ga–Sn. 
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