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Table S1: The chemical formula, space group, supercell for AIMD calculation, g-grid for xy,
calculation, formation energy (FE), average atomic mass and sz, (300 K) of the screened 75
candidates. The chemical formula labeled with red color represents the material is unstable

at 700 K.
Chemical  Space Group Super Cell q-grid FE Mass kK (W/mK)  ref.
Formula (eV/atom) (g/mol)
Ag, 09 224 3x3Ix3 11l x11x11 -0.82 77.25 2.14
Ag,04 14 2x4x2 9x14x9 -1.01 61.93 3.90
AgyOg 43 3x2x3 14x14x14 -1.01 52.75 8.77
Al Ru, 70 3x3x3 13x13x13 -0.83 51.68 14.19
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Table S2: The chemical formula, space group, supercell for AIMD calculation, q-grid for xp,
calculation, formation energy (FE), average atomic mass and x, (300 K) of the screened 26

candidates without LRI.

Chemical  Space Group Super Cell q-grid FE Mass kg, (W/mK)
Formula (eV/atom) (g/mol)

Aly,Os;q 139 I3x3xdH 14x14x19 -0.74 81.39 10.53
As1Gay 216 4x4x4 15 x15x15 -0.44 72.32 40.92
AsyKg 194 3x3x2 14x14x7 -0.62 48.05 0.61
AssLig 194 3x3x2 1bx15x6 -1.18 23.99 3.92
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Figure S1: The k of 26 materials without LRI versus the average atomic mass at 300K.

The blue areas represent highly localized electrons in the material with extremely flat valence
bands.
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Figure S2: (a) Crystal structure and (b) band structure of K3Sb. (c¢) Crystal structure and
(d) band structure of LizSh.
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Figure S3: (a) The mode-resolved group velocity of HfSe; along the high symmetry path.
(b) Frequency dependence of cumulative . (c) Phase space of HfSey with and without the
LRI of Se-Se.
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Figure S4: (a) Crystal structure of 2H-MoTe,y. (b) Normalized trace of IFCs versus atomic
distance at 300 K for the Te atom. (c) Phonon dispersion for 2H-MoTe; at 300 K. (d)
Normalized channel resolved phase space for 2H-MoTe, and HfSes.
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Figure S5: (a) Phonon dispersion of MgsSbhs with (1), (2), (3) LRI, without (3) and without
(2), (3) LRI The used cut-off radii are 10.00 A, 5.90 A and 4.79 A, respectively. (b) The
frequency dependent Griineisen parameters with and without (1), (2), (3) LRI. The cut-off
radii are used 10.00A and 4.59 A, respectively.
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Figure S6: Visualization of vibration modes for MgsShs.
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Figure S7: Electronic DOS of Mg3Sbsy contributed by Mg-s, Sb-s and Sb-p orbitals.
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Figure S8: Electronic DOS of MgszShs and CaMgsSb, contributed by A, M and X-site atoms
in formula AM5X,.

S11



(b) °2
@® Mg,Ge (Mg)
Q
= ®
G
o
§ m
Zo1F 000
S
(]
N Mg Mg
[+
: o
Z
°®
0.0E L, O 0@ o0 o@po®odd
2 4 6 8 10 12
Distance (A)

Figure S9: (a) Crystal structure of MgyGe from side view. (b) Normalized trace of IFCs
versus atomic distance for Mg atom.
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Figure S10: (a) Crystal structure of Pnma-GeSe from side view. (b) Normalized trace of
IFCs versus atomic distance for Se and Ge atoms.
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Figure S11: (a) Crystal structure of InP with space group 186. (b) Normalized trace of IFCs
versus atomic distance at 300 K for the P atom. (c¢) Phonon dispersion for InP at 300 K.
(d) Normalized channel resolved phase space for InP and R3m-GeSe.
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Figure S12: Visualization of vibration modes for R3m-GeSe.
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Figure S13: (a) The band structure of BaSes.
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Figure S14: (a) Crystal structure of NaS from side view. (b) Normalized trace of IFCs

versus atomic distance for S atoms. (c) Phonon dispersion of NaS with S-S LRI, without

Se-Se (7.53 A), and without Se-Se (5.39 A) LRI at 300 K. The used cut-off radii are 10.00 A,
7.52 A and 5.38 A, respectively.
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Figure S15: Phonon dispersion of BaSe; with Se-Se LRI, without Se-Se (7.92A) and without
Se-Se (5.50 A) LRI at 300 K. The used cut-off radii are 10.004, 7.91A and 5.49 A, respec-
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S16



@ q-grid
° *) q_grid+l|2ll
@
09 o o
e 9 °
~~ 10 B [+ Q "]
N F @9 o o )
§ 0 P T8 % .
*] @
e % 0 5,9 & ° s o’
Qo
2 1E * ) Q f ° [©]
)
Q
@
P e o,
0'1 1 M 1 1 " 1 M 1

20 40 60 80 100 120 140 160 180
Average atomic mass (g/mol)

Figure S16: The calculated kr, of the screened 75 materials with the q-grid in Table S1 and
the g-grid in Table S1 to add 2 in each of the three directions.
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