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Complexity of La-Ni-Sn (+H) phase diagram

Y. Zhuang et al., J. of Alloys and Comps. 363 (2004) 228. O. Zobač et al., under review DOI:10.2139/ssrn.5228280

T = 673 K

A: La9Ni7Sn4; B: La7Ni9Sn3; 
C: La7Ni4Sn9; D: LaNiSn; 
E: La3Ni2Sn6; F: LaNi0.33Sn2; 
G: LaNiSn2; H: LaNi2Sn2; 
I: LaNiSn3; J: LaNi5Sn; 
K: LaNi4Sn2; M: LaNi5Sn4

A) LaNi5Sn; (B) LaNi4Sn2; 
(C) LaNi2Sn2; (D) La3Ni2Sn6;
(E) La3Ni2Sn7; (F) LaNiSn3; 
(G) La3Ni8Sn16; (H) LaNiSn.

T = 573 K
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Solubility of Sn in LaNi5
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Stability of La(Ni,Sn)5: ab initio study
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T = 673 K

T = 573 K

Parameters of our quantum-mechanical calculations: the VASP code, Density Functional
Theory (DFT), k-points: 12x12x16 and 6x6x8, the Generalized Gradient Approximation 
(GGA), 520 eV cut-off energy, the Projector Augmented Waves (PAW) potentials.
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Eformation = E(La(Ni1-x,Snx)5) – x·E(LaNi5) – (1-x)·E(LaSn5)

number of atoms
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From LaNi5 to LaSn5
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CALPHAD motivation: From LaNi5 to LaSn5
LaSn5: hexagonal 
P6/mmm cell with 
all 3g and 2c sites
occupied by Sn

Full Sn substitution

Formation energy: -0.283 eV/atom                        -0.107 eV/atom

Eformation = E(LaNi5) – 1·E(hex La) – 5·E(fcc Ni)

6

Eformation = E(LaSn5) – 1·E(hex La) – 5·E(a-Sn)

6
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Solubility of Sn in LaNi5
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Miscibility gap!
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Phonons in La(Ni,Sn)5: ab initio study
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atoms-NM-phonopy-
DONE-no-imag 

168 displacements
251 GB of disk space
Barbora 16 nodes
1000 – 2000 node hours
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Phonons in La(Ni,Sn)5: ab initio study
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Phonon calculations of Sn-states: test of mechanical and thermodynamic stability.
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- Thermodynamics of H-storage La-Ni-Sn materials is complex.

- We focused on the solubility of Sn in LaNi5.

- Our calculations confirm the existence of a miscibility gap.  

- Sn atoms destabilize LaNi5 but in a non-trivial manner when
LaSn5 is unstable both thermodynamically and mechanically
(there are imaginary-frequency „soft“ phonon modes) but
miscibility-gap end-members are stable. 


