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Table S1: Cross validation score (CV, meV/mixing atom) and effective cluster interactions (ECI)
(meV /atom) for TiFe;,Ni,Sb, ZrFe;,Ni,Bi and VFe;,Ni,Ge systems. The triplets are identify
according to their longest side, the other two sides being the first-nearest neighbors.

System AV 1st pair | 2nd pair | 3rd pair | 4th pair | 1st triplet | 2nd triplet
TiFe;,Ni,Sb| 29.227 0.043 0.016 0.002 0.005 0.000 0.000
ZrFe;,Ni,Bi| 25.816 0.035 0.022 0.005 0.007 -0.014 0.013
VFeq,Ni,Ge| 27.340 0.030 0.022 -0.005 0.000 0.0002 0.000
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Table S2: DFT predicted SQS structures (space group: P1) of TijgFegNigSbig (a=7.260 A,
b=8.379 A, c=13.874 A) and VsFegNigCe s (a=6.79326 A, b=7.843 A, c=12.998 A).

System Atom x Y z
TigFesNigShy Ti 0.1875 0.0000 0.4375
Ti 0.4375 0.0000 0.6875
Ti 0.1875 0.2500 0.9375
Ti 0.6875 0.0000 0.9375
Ti 0.4375 0.2500 0.1875
Ti 0.9375 0.0000 0.1875
Ti 0.1875 0.5000 0.4375
Ti 0.6875 0.2500 0.4375
Ti 0.4375 0.5000 0.6875
Ti 0.9375 0.2500 0.6875
Ti 0.1875 0.7500 0.9375
Ti 0.6875 0.5000 0.9375
Ti 0.4375 0.7500 0.1875
Ti 0.9375 0.5000 0.1875
Ti 0.6875 0.7500 0.4375
Ti 0.9375 0.7500 0.6875
Fe 0.2500  0.0000 0.2500
Fe 0.5000  0.0000 0.5000
Fe 0.2500  0.2500 0.7500
Fe 0.5000 0.2500 0.0000
Fe 0.0000  0.7500 0.5000
Fe 0.5000  0.5000 0.5000
Fe 0.2500  0.7500 0.7500
Fe 0.7500  0.5000 0.7500
Ni 0.0000  0.0000 0.0000
Ni 0.0000  0.5000 0.0000
Ni 0.5000 0.7500 0.0000
Ni 0.7500  0.2500 0.2500
Ni 0.2500  0.5000 0.2500
Ni 0.7500  0.7500 0.2500
Ni 0.0000  0.2500 0.5000
Ni 0.7500  0.0000 0.7500
Sb 0.0625 0.0000 0.8125
Sb 0.3125 0.0000 0.0625
Sb 0.0625 0.2500 0.3125
Sb 0.5625 0.0000 0.3125
Sb 0.3125 0.2500 0.5625
Sb 0.8125 0.0000 0.5625
Sb 0.0625 0.5000 0.8125
Sb 0.5625 0.2500 0.8125
Sb 0.3125 0.5000 0.0625
Sb 0.8125 0.2500 0.0625
Sb 0.0625 0.7500 0.3125
Sb 0.5625 0.5000 0.3125
Sb 0.3125 0.7500 0.5625
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Sh 0.8125 0.5000 0.5625
Sh 0.5625 0.7500 0.8125
Sb 0.8125 0.7500 0.0625
VisFegNigSbig \Y% 0.1875 0.0000 0.4375
A% 0.4375 0.0000 0.6875
\Y 0.1875 0.2500 0.9375
A% 0.6875 0.0000 0.9375
A% 0.4375 0.2500 0.1875
A% 0.9375 0.0000 0.1875
A% 0.1875 0.5000 0.4375
\Y 0.6875 0.2500 0.4375
\Y 0.4375 0.5000 0.6875
A% 0.9375 0.2500 0.6875
A% 0.1875 0.7500 0.9375
A% 0.6875 0.5000 0.9375
A% 0.4375 0.7500 0.1875
\Y 0.9375 0.5000 0.1875
\Y 0.6875 0.7500 0.4375
A% 0.9375 0.7500 0.6875
Fe 0.2500 0.0000 0.2500
Fe 0.5000 0.0000 0.5000
Fe 0.2500 0.2500 0.7500
Fe 0.5000 0.2500 0.0000
Fe 0.0000 0.7500  0.5000
Fe 0.5000 0.5000 0.5000
Fe 0.2500 0.7500 0.7500
Fe 0.7500 0.5000 0.7500
Ni 0.0000 0.0000 0.0000
Ni 0.0000 0.5000 0.0000
Ni 0.5000 0.7500  0.0000
Ni 0.7500 0.2500 0.2500
Ni 0.2500 0.5000 0.2500
Ni 0.7500 0.7500 0.2500
Ni 0.0000 0.2500 0.5000
Ni 0.7500 0.0000 0.7500
Ge 0.0625 0.0000 0.8125
Ge 0.3125 0.0000 0.0625
Ge 0.0625 0.2500 0.3125
Ge 0.5625 0.0000 0.3125
Ge 0.3125 0.2500 0.5625
Ge 0.8125 0.0000 0.5625
Ge 0.0625 0.5000 0.8125
Ge 0.5625 0.2500 0.8125
Ge 0.3125 0.5000 0.0625
Ge 0.8125 0.2500 0.0625
Ge 0.0625 0.7500 0.3125
Ge 0.5625 0.5000 0.3125
Ge 0.3125 0.7500 0.5625
Ge 0.8125 0.5000 0.5625
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Ge 0.5625 0.7500 0.8125
Ge 0.8125 0.7500 0.0625
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Fig. S1: Crystal structures of ordered V,Fe3NisGe, and SQS VigFegNigGejg. The blue, red,
purple and yellow spheres represent the V, Fe, Ni and Ge atoms, respectively.
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Although the deformation potential (DP) theory might provide the better electronic relaxation
time, it depends on the deformation potential, effective mass and velocity®. The symmetry of the
band extreme would define several deformation potentials. Thus, it is not that easy to obtain an
accurate deformation potential. On the other hand, for a large system with low symmetry, like
the SQS structure, its band structure is usually too complicated to define a good deformation
potential. Additionally, it is time-consuming to calculate the phonon velocity of the SQS
structures. We obviously need a convenient way, such as the constant relaxation time. To valid
the constant relaxation time approximation, we use the DP theory to calculate the electronic
relaxation times of a ground state structure. For a ground state structure V,FesoNisGey, (Fig.
S2), we notice that its electron relaxation time calculated using DP is around 10 fs, which is
close to the constant relaxation time (10 fs). Therefore, it is reasonable and convenient to use
the constant relaxation time approximation to evaluate the electrical properties.

%Bardeen, J.; Shockley, W. Deformation Potentials and Mobilities in Non-Polar Crystals. Phys.
Rev. 1950, 80, 72.

20

" V,Fe,Ni,Ge,p & V,Fe,Ni,Ge,n &

15

A

10

Tch (ﬁg)

300 400 500 600 700 800 900 1000
Temperature (K)

0

Fig. S2: Temperature dependent electronic relaxation times of ordered TizFesNisSbhy and
V4Fe3NioGey. The void and solid circles and triangles represent the results by constant re-
laxation approximation (7.,=10 fs) and deformation potential method, respectively.
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Fig. S3: Carrier concentration dependent power factors of ordered ground states (TigFeaNiaSby
and V4FesNipGey) and SQS structures (TijgFesNigShig and VigFegNigGesg).
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Fig. S4: Temperature dependent electronic thermal conductivities of ordered TiyFesNisShy (cir-
cles) and 4FesNiaGey (triangles).
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Weighted mobility is a better descriptor of the inherent electrical transport properties, which is

defined as®
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where p is the electrical resistivity (unit: m€ cm), S the Seebeck coefficient and kp/e= 86.3 uV
K~!. Temperature dependent weighted mobilities of TizFesNioSby and V,Fe,NipGey are given
in Fig. S5.

®G. J. Snyder, A. H. Snyder, M. Wood, R. Gurunathan, B. H. Snyder and C. Niu, Weighted
Mobility, Adv. Mater., 2020, 2001537.
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Fig. S5: Temperature dependent weighted mobilities of TigFesNiaSby (circles) and V4 FeoNiaGey
(triangles).
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