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Supplementary Figures

Figure S1. Different sublattice visualizations of both the SrSn4 type and AgAu4 Ti4Nb structure modifications.

Figure S2. Shortest Ti-Ti and Nb-Ti inter-nuclear separations in SrSn4 type Ti4Nb structure modification.
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Figure S3. Shortest Ti-Ti and Nb-Ti inter-nuclear separations in AgAu4 type of Ti4Nb structure modification.

(a) (b)

(c) (d)
Figure S4. The calculated phonon dispersion spectra of (a) SiCl4 type monoclinic P21/m (no. 11), (b) MoNi4 type 

tetragonal I4/m (no. 87), (c) AlAu4 type cubic P213 (no. 198), and (d) Al4U type orthorhombic Imma (no. 74) Ti4Nb 
modifications.
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Figure S5. The phase diagram of Ti-Nb was explored using the Open Quantum Materials Database (OQMD) 
[S1,S2].

Figure S6. The energetically most favorable random structures from DFT computed disordered intermetallic phases 
using the Special Quasi-random Structures (SQS), and pseudo-random distributions in supercells in Ti4Nb chemical 

system.
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Supplementary Tables

Table S1. Calculated elements of elastic stiffness constants (Cij) of SiCl4 type of Ti4Nb structure modification.
Cij 1 2 3 4 5 6
1 171.31132 77.89224 100.64795 0 0 -18.52067
2 77.89224 193.51518 93.84969 0 0 13.1342
3 100.64795 93.84969 168.21474 0 0 14.22477
4 0 0 0 30.46738 -2.79035 0
5 0 0 0 -2.79035 27.4789 0
6 -18.52067 13.1342 14.22477 0 0 52.20065

Table S2. Calculated elements of elastic stiffness constants (Cij) of Al4U type of Ti4Nb structure modification. 
Cij 1 2 3 4 5 6
1 166.86316 90.28352 115.15573 0 0 0
2 90.28352 210.70015 65.34569 0 0 0
3 115.15573 65.34569 176.91473 0 0 0
4 0 0 0 51.71654 0 0
5 0 0 0 0 1.40389 0
6 0 0 0 0 0 40.31661

Table S3. Calculated elements of elastic stiffness constants (Cij) of SrSn4 type of Ti4Nb structure modification. 
Cij 1 2 3 4 5 6
1 165.90573 122.4832 86.20536 0 0 0
2 122.4832 171.03558 61.48785 0 0 0
3 86.20536 61.48785 219.61556 0 0 0
4 0 0 0 42.00439 0 0
5 0 0 0 0 9.24459 0
6 0 0 0 0 0 55.83283

Table S4. Calculated elements of elastic stiffness constants (Cij) of AgAu4 type of Ti4Nb structure modification. 
Cij 1 2 3 4 5 6
1 132.65354 115.49458 108.99595 0 0 0
2 115.49458 130.08758 114.5786 0 0 0
3 108.99595 114.5786 132.5739 0 0 0
4 0 0 0 57.257 0 0
5 0 0 0 0 56.66673 0
6 0 0 0 0 0 66.01973
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Table S5. Calculated elements of elastic stiffness constants (Cij) of MoNi4 type of Ti4Nb structure modification. 
Cij 1 2 3 4 5 6
1 146.22201 98.04278 113.12769 24.40402 0 0
2 98.04278 146.22201 113.12769 -24.40402 0 0
3 113.12769 113.12769 133.79409 0 0 0
4 24.40402 -24.40402 0 39.98464 0 0
5 0 0 0 0 57.15968 0
6 0 0 0 0 0 57.15968

Table S6. Calculated elements of elastic stiffness constants (Cij) of AlAu4 type of Ti4Nb structure modification. 
Cij 1 2 3 4 5 6
1 115.9925 110.023 110.023 0 0 0
2 110.023 115.9925 110.023 0 0 0
3 110.023 110.023 115.9925 0 0 0
4 0 0 0 38.2506 0 0
5 0 0 0 0 38.2506 0
6 0 0 0 0 0 38.2506
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Table S7. Calculated phase diagram of Ti-Nb with three stable phases (Ti, Nb, and TiNb) investigated using the 
Open Quantum Materials Database (OQMD) [S1,S2].

Table S8. Calculated phase diagram of Ti-Nb with all possible phases of pure Ti with computed negative (or 
slightly positive) formation energies (Ef) explored using the Open Quantum Materials Database (OQMD). [S1,S2]
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Table S9. Calculated phase diagram of Ti-Nb with all possible phases of pure Nb with computed negative (or 
slightly positive) formation energies (Ef) explored using the Open Quantum Materials Database (OQMD) [S1,S2].
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Table S10. Calculated phase diagram of Ti-Nb with all possible phases of mixed Ti-Nb compounds with computed 
negative (or slightly positive) formation energies (Ef) explored using the Open Quantum Materials Database 
(OQMD) [S1,S2].



11



12

Table S11. Calculated formation energies of various Ti4Nb structure types computed using GGA-PBE functional. 
SQS-O1 corresponds to Ti16Nb4, SQS-02 to SQS-05 correspond to Ti26Nb6, SQS-06 to SQS-08 correspond Ti32Nb8, 
and SQS09 corresponds to Ti64Nb16. ΔE1 is with reference to ground state Ti (hcp) and Nb (bcc). ΔE2 is with 
reference to ground Ti state (bcc that is β-Ti) and Nb (bcc).

Structure-
Type

Space Group
Symmetry

Number of 
Atoms/prim-cell

ΔE1

meV/atom
ΔE2

meV/atom
SiCl4 P21/m 10 53.8 -35.0
Al4U Imma 10 63.5 -25.3
SrSn4 Cmcm 10 65.2 -23.6
AgAu4 Cmcm 10 77.1 -11.7
MoNi4 I4/m 5 78.6 -10.2
AlAu4 P213 20 107.2 18.4

SQS-01 Pm 20 53.7 -35.1
SQS-02 P1 32 50.4 -39.8
SQS-03 P1 32 47.7 -42.4
SQS-04 P1 32 46.8 -43.4
SQS-05 P1 32 47.2 -43.0
SQS-06 P1 40 49.3 -39.5
SQS-07 P1 40 44.8 -44.0
SQS-08 P1 40 42.9 -45.9
SQS-09 P1 80 47.9 -40.9
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