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TABLE S1: Lattice constants a, ¢ (in unit of A), bulk moduli B (in unit of GPa), cohesive
energies E. (in unit of kcal mol 1) and relative energy AE (in unit of kcal mol 1) for different

phases of Cu.

ReaxFF DFT Expt.

fcc a 361 3.63 3.61?
122.43 131.28 137.8°

¢ 80.39 80.31 81.2°
0.00  0.00 -

2.88 2.89 -

109.43 129.48 -
79.54 79.45 -
0.86  0.86 -

459 4.62 -

112.15 123.36 -
77.75 78.07 -
264 224 -

238 241 -

119.64 95.75 -
69.02 69.68 -
11.38 10.63 -
5.32  5.36 -

4732 5042 -
40.71 56.67 -
39.68 23.64 -
2,55 257 -

416 4.20 -

120.16 129.78 -
80.28 80.13 -
0.12 0.18 -
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Figure S1. Equations of states calculated by ReaxFF and DFT for the hexagonal wurtzite type

structure of CuH belonging to the space group P63mec.



TABLE S2: Lattice constants a, ¢ (in unit of A), formation enthalpy Ef (in unit of kcal mol 1) for

different phases of copper hydride crystals.

Composition Space group  ReaxFF DFT Other DFT Expt.

HCu Fm3m a 387 389 3900 3.7°
Ef 135 576 - -
HCu Pm3m a 264 250 - -
E¢ 1693 13.29 - -
HCu F43m a 4.03 4.02 4.02¢ -
Ef 292 3.1 - -
HCu P6smec  a 289 287 289 290°
c 4.60 457 457*  4.60°
Er 296 299 - -
H,Cu Fm3m a 290 3.04 - -
E¢ 1096 9.66 - -
H,Cu Pa3 a 410 4.29 - -
E: 1097 9.66 - -
H,Cu Pn3m a 3.65 372 - —

Es 7.08 13.07 - —
H,Cu P4y/mnm a 478 4.78 - -
c 240 240 - -
Ef 1194 6.39

4 Reference 4.

b Reference 5.
¢ Reference 6.



Force Field developed in this study

Cu/H ReaxFF reactive force field H. S. Huang et al.
39 ! Number of general parameters
50.0000 ! Overcoordination parameter
9.5469 ! Overcoordination parameter
1.6725 ! Valency angle conjugation parameter
1.7224 ! Triple bond stabilisation parameter
6.8702 ! Triple bond stabilisation parameter
60.4850 ! C2-correction
1.0588 ! Undercoordination parameter
4.6000 ! Triple bond stabilisation parameter
12.1176 ! Undercoordination parameter
13.3056 ! Undercoordination parameter
-40.0000 ! Triple bond stabilization energy
0.0000 ! Lower Taper-radius
10.0000 ! Upper Taper-radius
2.8793 ! Not used
33.8667 ! Valency undercoordination
6.0891 ! Valency angle/lone pair parameter
1.0563 ! Valency angle
2.0384 ! Valency angle parameter
6.1431 ! Not used
6.9290 ! Double bond/angle parameter
0.3989 ! Double bond/angle parameter: overcoord
3.9954 ! Double bond/angle parameter: overcoord
-2.4837 ! Not used
5.7796 ! Torsion/BO parameter
10.0000 ! Torsion overcoordination
1.9487 ! Torsion overcoordination
-1.2327 ! Conjugation 0 (not used)
2.1645 ! Conjugation



1.5591 ! vdWaals shielding

0.1000 ! Cutoff for bond order (*100)

1.7602 ! Valency angle conjugation parameter
0.6991 ! Overcoordination parameter
50.0000 ! Overcoordination parameter

1.8512 ! Valency/lone pair parameter

0.5000 ! Not used

20.0000 ! Not used

5.0000 ! Molecular energy (not used)

0.0000 ! Molecular energy (not used)

0.7903 ! Valency angle conjugation parameter

2 ! Nr of atoms; cov.r; valency;a.m;Rvdw;Evdw;gammaEEM;cov.r2;
alfa;gammavdW;valency;Eunder;Eover;chiEEM;etaEEM;n.u.
cov r3;Elp;Heat inc.;n.u.;n.u.;n.u.;n.u.

ov/un;vall;n.u.;val3,vval4
H 09479 1.0000 1.0080 1.1364 0.0232 0.9900 -0.1000 1.0000

9.0643 4.7746 1.0000 0.0000 121.1250 4.7757 9.7732 1.0000
-0.1000 0.0000 62.4879 2.5194 2.3785 0.2223 1.0698 0.0000
-15.7683 2.1488 1.0338 1.0000 2.8793 0.0000 0.0000 0.0000
Cu 19771 2.0000 63.5460 1.6202 0.2741 1.0000 0.1000 1.0000
13.7875 4.7439 1.0000 0.0000 0.0000 2.9838 6.0000 0.0000
-1.0000 0.0000 80.7000 34.9555 0.4988 0.0000 0.8563 0.0000
-0.1243 3.1491 1.0000 4.0000 2.5791 0.0000 0.0000 0.0000
3 I Nr of bonds; Edis1;LPpen;n.u.;pbel;pbo5;13corr;pbo6
pbe2;pbo3;pbo4;Etrip;pbol;pbo2;ovcorr
1 1113.9232 0.0000 0.0000 -0.5971 0.0000 1.0000 6.0000 0.9093
1.7152 1.0000 0.0000 1.0000 -0.0450 6.0710 0.0000 0.0000
2 2 264159 0.0000 0.0000 0.7357 -0.2000 0.0000 16.0000 0.3169
0.2678 -0.2000 15.0000 1.0000 -0.1593 4.1024 0.0000 0.0000
1 2 47.0693 0.0000 0.0000 0.9599 0.0000 1.0000 6.0000 0.3591
0.0204 1.0000 0.0000 1.0000 -0.0710 7.9806 0.0000 0.0000

1 ! Nr of off-diagonal terms; Ediss;Ro;gamma;rsigma;rpi;rpi2

6



oS O

2 0.9999 0.8942 14.9978 1.9994 -1.0000 -1.0000

! Nr of angles;atl;at2;at3;Thetao,0;ka;kb;pv1;pv2
1 1T 0.0000 27.9213 5.8635 0.0000 0.0000 0.0000 1.0400
2 1 89.0363 5.0589 4.8604 0.0000 0.8141 0.0000 1.4290
1 2 59.7817 20.1663 1.5872 0.0000 2.8343 0.0000 1.3764
1 2 49491 5.7486 7.2109 0.0000 0.3755 0.0000 1.5182
2 2 43.6373 1.2986 6.1920 0.0000 1.4977 0.0000 4.6641

! Nr of torsions;atl;at2;at3;at4;;V1;V2;V3;V2(BO);vconj;n.u;n

! Nr of hydrogen bonds;at1;at2;at3;Rhb;Dehb;vhb1
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