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Fig. S1 Convex hull diagram with ZPE of FeH, (x=1-6) at 150 GPa

Comparing Fig. S1 with Fig. 1 in the main manuscript, we find that the differences raised by including
ZPE is limited. The only observable difference is the enthalpy difference (AH) of FeH,, which makes FeH,
locate above the convex hull by 24 meV.
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Fig. S2 3D directional dependent of Young’s modulus for FeH, (x=1-6) at 150 GPa.
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Fig. S4 Linear compressibility # of 3D graph for (a) FeH and (b) FeH; at 150 GPa.
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Fig. S5 Electron localization functions (ELF) of (a) FeH, (b) FeH,, (¢) FeH;, (d) FeH,, (¢) FeHs, and (f) FeHg (1x2x1 cell)

at 150 GPa. Isosurface values are all set to 0.5.
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Fig. S6 (a) Density of states (DOS) of FeH,. (x=1-6) at 150 GPa.
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Fig. S7 Energy differences between different magnetic states of FeH,. (x=1-6) at 150 GPa.
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Fig. S8 Evaluated 7. of FeH,, FeH,, and FeHg as a function of Coulomb pseudopotential #*. Vertical line marks the value
#* = 0.10 used in this work.
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Fig. S9 Band structure of FeHg with and without SOC.



Table S1 Crystal structure details of FeH, (x=1-6) at 150 GPa.

Lattice parameters o Distances
(A, °) Atom position Fe.H (A)

FeH a=b=c=3.31 Fe(4a) (0.0,0.0,0.0)

Fm3m, Z=4 a=p=y=90 H(4b) (0.5,0.5,0.5) 2.343

FeH, a=b=2.34, =795 Fe(4e) (0.0,0.0,-0.146)

14/mmm, Z=4  o=F=y=90 H(4e) (0.0,0.0,0.353) 1.658
H(4e) (0.0,0.5,0.0) 1.648

FeH; a=b=c=2.33 Fe(la) (0.0,0.0,0.0)

Pm3m, Z=1 o=L=y=90 H@B3c¢) (0.5,0.5,0.0) 1.649

FeH, a=2.35, b=3.15, ¢=7.81 Fe(4e) (0.0,0.25,0.115)

Imma, Z=4 a=p=y=90 H(4b) (0.5,0.0,0.0) 1.676
H(8%) (0.0,0.974,0.300) 1.604
H(4e) (0.0,0.75,0.101) 1.579

FeHs a=b=2.39, c=11.51 Fe(4e) (0.0,0.0,0.897)

14/mmm,Z =4 a==y=90 H(8g) (0.0,0.5,0.185) 1.523
H(4e) (0.0,0.0,0.410) 1.695
H(4c) (0.0,0.5,0.0) 1.680
H(4e) (0.0,0.0,0.230) 1.468

FeHg a=6.47, b=2.38, c=4.77 Fe(4g) (0.317,0.498,0.25)

P2/c, 7 =4 o=L=y=90 H(4g) (0.665,0.0,0.499) 1.686
H(4g) (-0.0004,0.887,0.948) 2.436
H(4g) (0.911,0.537,0.250) 1.476
H(4g) (0.169,-0.0003,0.251) 1.530
H(4g) (0.161,0.5003,0.0001) 1.526
H(2b) (0.5,0.5,0.0) 1.675
H(2f) (0.5,-0.0002,0.75) 1.681




Table S2 Minimum and maximum value of Young’s modulus E and linear compressibility £ for FeH, (x=1-6) at 150 GPa.

Emin Emax Emin/Emax ﬁmin ,Bmax ,Bmin/ﬁmax

FeH 948.57 1108.31 0.86 0.48 0.48 1.00

FeH, 687.51 1027.01 0.67 0.52 058 090
FeH; 633.75 1087.04 0.58 0.55 0.55 1.0
FeH, 407.34 917.49 0.44 0.59 0.64 0091
FeHs 239.98 929.96 0.26 0.63 0.76 0.84

FeHs 488.85 769.80 0.64 0.70 0.95 0.73




Cubic

Ci1, Ci2 and Cy.
Bron-Huang mechanical stability criterion:

c¢,-C,>0 C,>0 C,,+2C, >0

Tetragonal

C11, Ciz, Ci3, Cs3, Cyq and Ces.
Bron-Huang mechanical stability criterion:

Cc,-C,>0 C,+C;;-2C;>0 C,,>0 C;,>0 C,, >0 Ci( >0

Orthorhombic

Ci(i=1-6), Ci2, Ci3, Co3;
Bron-Huang mechanical stability criterion:

¢, >0 (i=1,2,3,4,5,6), (G +C, —2C,) >0 (€ + (5 —2C ;) >0
(C,, +C;—2C,5) >0 , [C,+C,, +C +2(C, +C 5 +C,5)] >0

Monoclinic

Ci(i=1-6), Cis(i= 1-3), C12, Ci3, Co3 and Cig.
Bron-Huang mechanical stability criterion:

Cll > O’C44 > 0 ’CIICZZ > C122 ’C44C66 > CjG

C125 (C223 - C22C33) + C225 (C123 - C11C33) + C325 (C122 - C11C22)

+2C15C35 (CISCZZ - C12C23) + 2C15C25 (C12C33 - C13C23) + 2C25C35 (C23C11 - C12C13)

+AC,s >0
A= C11C22C33 + 2C12C13C23 - C11C223 - C22C123 - C33C122 >0
E and f depending on the crystal orientation:

Cubic phase (for FeH and FeH;):

i=S11 _2(S11 — S _%S44)(112122 _|_122132 +132112) ﬂ ( I )
=Sy Sio

Tetragonal phase (for FeH, and FeHs):

= +1)sy + sy + (25, +56) (1= )25, +5,,)

by | —

LB =C(s +5,+53)— (s, +5, =53 _S33)132

(1)

2)

)

4

()

(6)



Orthorhombic phase (for FeH,)

1 4 272 272 4 272 4 272 272 272
- sy + 20008, + 217058 + 18,y + 2018, + 1 s + LSy, + 17 s + 17158
2 2 2
B =(s11+ 55+ 530 +(Spy + 85 + 5, + (515 + 5,5 +533)5 (7)

Monoclinic phase (for FeH)

% = lf‘s11 + 2[12122s12 + 2112132513 + 21121213s14 + 2[13Z3s15 + 211312s16 +

124522 + 21221225*23 + 2123[3s24 + 2!112213s25 + 2]11235*26 + 134S33 + ZIzlg?s34 + 211133335 + 2lllzl3zs36 +

272 2 2 272 2 272
LS, + 20018, + 20518, + 1S5 + 20 L LS + 171 s
B =0+, +Sl3)112 + (8, + 55 +523)122 + (85 + S5 +S33)132 + (85 + 855 + 53505, (8)

s;;1s the elastic compliance matrix and /;, [, and /3 are the direction cosines in any arbitrary direction.



High symmetry points coordinate:
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