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Single parabolic band model
According to the single parabolic band (SPB) model, the Hall carrier concentration (nH) and the Seebeck coefficient (S) are given by1
									(S1)
										(S2)
									(S3)
											(S4)
[bookmark: _Hlk120868787]where h is the Planck constant, kB is the Boltzmann constant, e is the electron charge, m* is the density of states effective mass, Fn(ξF) is the Fermi integral, ξF is the reduced Fermi energy, and χ is the reduced carrier energy.


Deduction for  dependence of vs
[bookmark: _Hlk120910959]The relationship between sound velocity () and the average atomic mass in a unit cell () can be deduced by interconnecting kinetic and elastic energy as follows2
										(S5)
											(S6)
										(S7)
											(S8)
[bookmark: _Hlk120972906][bookmark: _Hlk120973812]where vt is the transversal sound velocity, vl is the longitudinal sound velocity, G is the shear modulus, B is the bulk modulus, ρ is the density, n is the number of atoms in a unit cell, a is the lattice constant, and NA is the Avogadro constant. Following Equations S5-S8, vs shows a  dependence:
								(S9)
								(S10)
By comparing the sound velocity of possible ternary half-Heuslers from the AFLOWLIB.org database3 (denoted as ) and that deduced from Equations S9 and S10 (denoted as ), the deviation is within ~3%. The corresponding data are shown in Table S1.



[bookmark: _Hlk120972520]Table S1. Elastic property and sound velocity of possible ternary half-Heuslers from the AFLOWLIB.org database.
	Material
	Space group
	Lattice constant
a (Å)
	[bookmark: _Hlk120913248]Shear modulus
G (GPa)
	[bookmark: _Hlk120913266]Bulk modulus
B (GPa)
	Sound velocity vs (m s-1)

	
	
	
	
	
	
	

	[bookmark: _Hlk120906889]ScNiSb
	
	6.16
	61.92
	98.84
	3403
	3448

	TiNiSn
	
	6.00
	60.94
	134.2
	3253
	3314

	TiCoSb
	
	5.89
	75.95
	143.2
	3499
	3560

	HfPdSn
	
	6.37
	53.74
	122.7
	2493
	2545

	TaRuSb
	
	6.19
	72.16
	176
	2769
	2829

	NbFeSb
	
	5.95
	79.44
	166.8
	3342
	3406

	ZrCoBi
	
	6.19
	62.85
	122.6
	2736
	2786

	NbRuSb
	
	6.19
	68.38
	169.4
	3046
	3115

	ScNiBi
	
	6.30
	50.3
	86.94
	2698
	2735

	YNiSb
	
	6.35
	54.64
	87.63
	3062
	3102

	YNiBi
	
	6.46
	49.22
	83.67
	2592
	2629

	TiPtSn
	
	6.28
	49.05
	132.1
	2465
	2523

	ScPdSb
	
	6.41
	41.98
	96.36
	2708
	2761

	ScPtSb
	
	6.42
	51.05
	110
	2595
	2648

	YPtSb
	
	6.60
	46.5
	99.17
	2440
	2487

	VFeSb
	
	5.79
	62.44
	155.4
	3099
	3165

	VRuSb
	
	6.05
	50.04
	158.6
	2705
	2778
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[bookmark: _Hlk120827978]Figure S1. (A) XRD patterns of Zr0.88NiBi and Zr0.90NiBi with and without an additional annealing process. (B) XRD patterns of Zr0.88Ni1-xCoxBi1-ySby.
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Description automatically generated]
Figure S2. HAADF-STEM intensity profile within the Bi-atom plane of Zr0.88NiBi.
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Figure S3. Thermal diffusivity (top), total thermal conductivity (middle), and lattice contribution to total thermal conductivity (bottom) for Zr0.88Ni1-xCoxBi at different temperatures.

[image: Chart

Description automatically generated]
Figure S4. Temperature-dependent (A) Seebeck coefficient and electrical conductivity and (B) total thermal conductivity and figure-of-merit for Zr0.88Ni0.57Co0.43Bi1-ySby.
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