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Fig.S1 The enthalpies difference of stable Lu-H compounds relative to other compounds and

H, under pressure
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Fig.S2 The phonon dispersion curves of stable compounds.
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Fig.S3 The projected density of states of LuH,, LuH¢ and LuH,



Table S1 The crystal parameters of predicted stable lutetium polyhydrides

Space Lattice Atoms Atomic coordinates (fractional)
group parameters(A) N y -
LuH Fm-3m a=b=c=4.033  Lu(4a) 0.000 0.000 0.000
(100GPa) o=L=y=90° H (4a) 0.000 0.500 0.000
LuH; Fm-3m a=b=c=4.347 Lu(4a) 0.000 0.000 0.000
(100GPa) o=p=y=90° H (4b) 0.250 0.250 0.750

H(8) 0500  0.500 0.500

LuH,4 14/mmm a=b=2.687 Lu(2a)  0.000 0.000 0.000

(200GPa) c=5.273 H (4e) 0.000 0.000 0.636
o=P=y=90° H (4d) 0.500 0.000 0.250
LuH, P6;/mmc a=b=3.426 Lu(2d) 0.333 0.667 0.750
(200GPa) ¢=4.269 H(12k) 0.839 0.161 0.875
0=p=90°
y=120°
LuH, Im-3m a=b=c=3340 Lu(2a) 0.000 0.000 0.000
(300GPa) o=P=y=90° H(12d) 0.000 0.750 0.500
LuHg Immm a=3.151 Lu(2a) 0.000 0.000 0.000
(200GPa) b=3.089 H (81) 0.000 0.768 0.393
¢=4.398 H(@m) 0.202 0.500 0.156
o=L=y=90°
LuH;, Pm-3 a=b=c=3.012  Lu(lb) 0.500 0.500 0.500

(300GPa) a=p=y=90° H(12)) 0.668 0.788 0.000




