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Table. S1. The elastic constants (in units of GPa) for fluorite-structure ferroelectrics.

Ci Cp Cs3 G Cn Gy G Cp Gy Gy G Ce
Zr0, 372 148 114 148 379 127 114 127 366 84 8.7 123
ZrS, 197 70 68 7.0 134 55 68 55 141 25 40 65
ZrSe, 163 58 55 58 113 47 55 47 118 18 26 54
HfO, 393 153 11.8 153 409 132 11.8 132 400 93 95 136
HfS, 209 72 65 72 151 57 65 57 165 29 38 68
HfSe, 172 6.0 54 6.0 131 49 54 49 142 22 28 56
CaCl, 66 29 20 29 57 19 20 19 62 14 15 21
CaBr, 53 23 14 23 46 14 14 14 52 10 11 17
Cal, 40 17 09 17 37 10 09 10 44 07 08 14
SrCl, 54 26 21 26 45 17 21 17 41 12 13 18
SrBr, 46 22 17 22 35 13 17 13 36 09 11 15
Srl, 3§ 1.7 13 1.7 28 09 13 09 32 07 08 12

Table. S2. The elastic stability criteria for fluorite-structure ferroelectrics.

Criteria ) 3 . ) )
N (i) (i) (iii) (iv) ) (vi)
tructure

Zr0O, 37.2 1190.8  36944.8 8.4 8.7 123
ZrS, 19.7 215.0 23393 2.5 4.0 6.5
ZrSe, 16.3 150.6 1374.5 1.8 2.6 54
HfO, 39.3 1373.3 471549 9.3 9.5 13.6
HfS, 20.9 263.8 35684 2.9 3.8 6.8
HfSe, 17.2 189.3 22109 2.2 2.8 5.6
CaCl, 6.6 29.2 156.5 1.4 1.5 2.1
CaBr; 5.3 19.1 88.9 1.0 1.1 1.7
Cal, 4.0 11.9 48.5 0.7 0.8 1.4
SrCl, 54 17.5 55.0 1.2 1.3 1.8
SrBr;, 4.6 11.3 324 0.9 1.1 1.5
Srl, 3.8 7.8 21.0 0.7 0.8 1.2

2
Criteria (1): €1y > 0; (ii): C11Co2 = C2>0.
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C11C22C33 + 2C12C13C23 - 611C23 - CZZCl3 - C33612 > 0;

(iii):
(iv): Caq> 0; (v): Css5 > 0; (vi): Cop >0
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Fig. S1. The phonon dispersion curves for (a,b) group IV-VI and (c,d) group II-VII fluorite-structure ferroelectrics.



(@) 3p (b) 30 (c) 30

g 15t ZI‘OZ ’>‘\ 15+ ZI'SZ 9 15+ ZI‘SGZ
il 2_1s[ 2.5l
Lq.< 15 1 1 1 L [n 7}53 1 L 1 1 Lq.<7:lsg 1 1 1 L
7300 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
) 30 time (fs) € 30 time (fs) ®) 30 time (fs)
< 15[ HO, < 15} HIS, < 15[ HfSe,
o L) Q
o151 o151 2-15}
Lq 730 1 1 1 I LIJ 730 I I 1 1 LQ 730 1 1 1 1
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
(2) 30 time (fs) (h) 30 time (fs) @) 30 time (fs)
; 15+ CaC]2 ; 15+ CaBrz ; 15+ Calz
LP] > ()
g by oo 1% f |
S B | S - S
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
() 30 time (fs) ) 30 time (fs) M 30 time (fs)
S 15t SrCl, < 15t SrBr, < 15t Stl,
g o8& 2 0
n [ &7 i < i
L'S“_;S 1 1 LIJ _15 L 1 Lq<_15 1 1

0 L 1 " L L L N O N 1 N " " 1 L 30 " 1 L N N 1 N
0 200 400 600 300 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
time (fs) time (fs) time (fs)

Fig. S2. Ab-initio molecular dynamics (AIMD) simulations at 300 K for fluorite-structure ferroelectrics.
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Fig. S3. The temperature-dependent in-plane (perpendicular to the direction of spontaneous polarization P S), cross-plane

(parallel to the direction of P S) and average thermal conductivities L for (a,b) group IV-VI and (c,d) group II-VII fluorite-



structure ferroelectrics.
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Fig. S4. Normalized cumulative thermal conductivity *“cum for fluorite-structure ferroelectrics.



