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Synthesis and Superconductivity of New Ternary Compounds Based on Group 5 Elements
Obtained by Molten Metal Flux Growth Using Tin as a Self Flux
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A detailed study has been carried out on new ternary intermetallic compounds based on Group 5 elements from the viewpoints of
crystal growth, crystal structure and physical properties. Using the self-component flux method with molten tin (Sn), single crystals
of the compounds NbsSn,Ga, TasSnGa,, Nbs(Ge,Sn;,),Ge; x = 0.25~0.4 and V,Sn,Ga were successfully grown. The crystal
structures of NbsSn,Ga, TasSnGa, and Nbs(Ge,Sn;_,),Ge; x = 0.25~0.4 were found to be similar, belonging to the tetragonal system
(space group: [4/mcm), and are isostructural with WsSi;. In contrast, V,Sn,Ga is orthorhombic (space group: Acam) and exhibits a
new type of crystal structure. Superconducting transitions have been observed in NbsSn,Ga and TasSnGa, crystals at 1.75 K and

1.80 K.
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Table 1 Synthesis of the new compound in the system of Nb-Sn-
Ga by the flux method using molten tin as a flux.

raw materials and flux; Nb, Ga, Sn

melt in an alumina cr:cible under Ar stream
keep at 167; Kfor 10 h
cool down to 1273 l!at arate of 5 K-h'!
furnacle cool

|

I ingot
|

dissolve Sn in 6M HCl
|

I single crystals of the new compound in the system of Nb-Sn-Ga I
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Fig.1 SEM photographs of new compounds (a) NbsSn,Ga, (b)
TasSnGa,, (c) Nbs(GesSni).Ge; x = 0.25~0.4 and (d) V,Sn,Ga
discovered from the self-component flux growth method using
molten tin as a flux.
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Fig.2 Tentative ternary phase diagram in the system Nb-Sn-Ga.
Composition of the new compound NbsSn,Ga is plotted in the
figure.

Fig.3 X-ray precession photographs of NbsSn,Ga: (a) [001] and
(b) [110] zone axes.
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Table 2 Crystal structure and superconductivity of the new
ternary compounds obtained by the self-component flux method
where molten tin as a flux.

:15::;:)1 Composition Zf;:: Lattice /pna‘:meters Strtt;c;)l:re Superconductivity

Nb NbsSn:Ga I4/mem a:1.0586(2) WsSistype yes
€:0.5177(1)

Ta TasSnGaz I4/mem a:1.0354(2) WsSistype yes
¢:0.5179(1)

Nb Nbs(SnixGex)2Ge I4/mem a:1.0451(1) WiSistype no
x=0.25~0.4 ¢:0.51920(7)

v VaSnaGa Acam a:0.6719(1) New type no
b:1.8798(2)

€:0.5603(1)
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Fig.4  Arrangement of atoms in NbsSn,Ga and related
compounds along the c-direction.

Table 3 Site occupation of the WsSis-type ternary compounds

Atomic site (/4/mem, Wyckoffnotation)

Compound
16k 4b 4a 8h
NbsSn.Ga Nb Nb Ga Sn
TasSnGaz Ta Ta Ga Sn+Ga
Nbs(Sni1xGex)2Ge: Nb Nb Ge Sn+Ge
x=0.25~0.4
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Fig.5 Projection of the structure of V,Sn,Ga crystal along the c-
direction.
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Fig.6 Temperature dependence of the a.c. susceptibility in
isostructural compounds NbsSn,Ga and TasSnGa, between 1.4 K

and room temperature.

Table 4 Superconductivity of NbsSn,Ga and TasSnGa,

NbsSn2Ga TasSnGaz
T, midpoint / K? 1.75 1.80
~200 ~200

Transition width AT,/ mK

a) T, midpoint was defined at the midpoint in the transition curve with a
10-90% cutoff criterion.
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Fig.7 Dependence of superconducting critical temperature on
average number of valence electrons per atom for A15(Cr;0)-

type intermetallic compounds.
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