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Table S1. Crystallographic data of the newly predicted structures of ternary Ca-Sc-H
compounds under high pressure (P, in GPa). The unit of lattice parameters (a, b, and ¢) is given

in A
Lattice parameters Atomic coordinates (fractional)
Compound  Space group P (GPa)
(A, °) Atoms X y V4
CaSc,H; Immm 200 a="1.7776 Ca(2c) 0.00000  0.00000  0.50000
b=13.6064 Sc(4f) -0.16565 0.50000  0.00000
c=24821 H(4e) -0.17429 0.00000  0.00000
a=p =y =90 H(2b) -0.50000  0.00000  0.00000
CaSc,Hg P63/mmc 200 a=c=2.9638 Ca(2c) 0.66667 0.33333  0.75000
b=10.6052 Sc(4f) 0.66667 0.33333  0.41596
H(4f) 0.66667 0.33333  0.57831
a=y=90 H(4e) 1.00000  0.00000  0.16075
=120 H(2a) 1.00000  0.00000  0.00000
H(2d) 0.66667 0.33333  0.25000
CaSc,Hy Immm 200 a=8.4205 Ca(2d) 0.00000  0.50000  0.00000
b=3.9777 Sc(4f) -0.33183 0.50000  0.00000
c=2.7802 H(8n) -0.16856  0.24599  0.00000
H(4e) -0.33056  0.00000  0.00000
a=p=y=90 H(4h) -0.50000  0.26894  0.00000
H(2a) 0.00000  0.00000  0.00000

CaSc;H, Pm3m 200 a=b=c=3.9532 Ca(lb) 0.50000 0.50000  0.50000



Sc(3d) 0.00000  0.00000  0.50000
H(8g) 0.24424 024424  0.24424

a=B=y=90  H(3c) 0.00000  0.50000  0.50000

H(la) 0.00000  0.00000  0.00000

CaScH, Pom2 200 a=b=2.9681  Ca(la) 2.00000  1.00000  0.00000
¢=3.5625 Sc(1d) 133333 0.66667  0.50000

H(2i) 0.66667 033333 0.26483

a=p=90 H(1b) 2.00000  1.00000  0.50000

y =120 H(lc) 133333 0.66667  0.00000

CaScHg R3m 200 a=b=2.7310  Ca(3b) 0.33333  0.66667  0.66667
c=145510  Sc(3a) 033333 0.66667  0.16667

H(6¢) 033333 0.66667  0.28040

a=p=90 H(6¢) 033333 0.66667  0.42319

y=120 H(6¢) 033333 0.66667  0.54641

CaScH, I4/amd 200 a=bh=3.6074  Ca(4a) 0.00000  -0.50000  0.25000
¢=7.2067 Sc(4b) 0.00000  -0.50000  -0.25000

o=f=y=90 H(8e) 0.00000  -0.50000 -0.00674

CaScH; P63/mmc 200 a=b=2.8823 Ca(2c) 133333 0.66667 -0.75000
c=7.1247 Sc(2a) 2.00000  1.00000  0.00000

a=p=90 H(4f) 133333 0.66667 -0.39801

y=120 H(2b) 0.00000  0.00000 -0.25000

CaScH; PA/mmm 200 a=b=2.6547  Ca(lb) 0.00000  0.00000  0.50000
¢=4.5960 Sc(lc) 0.50000  0.50000  0.00000

H(4i) 0.00000  0.50000  0.23784

a=B=y=90 H(2h) 0.50000  0.50000  0.40427

H(la) 0.00000  0.00000  0.00000

Ca,ScH C2/m 200 a=4.8583 Ca(4i) 0.13504  0.50000  0.67529
h=2.7538 Sc(2a) 0.00000  0.00000  0.00000

¢=7.2546 H,(41) 0.16251  0.50000  0.91684

H,(4i) 0.18179  0.50000  0.15147

H;(4i) 0.20351  0.50000  0.43464

o =y=90 H(41) 0.02745  -0.00000  0.23080

B =93.52 Hs(41) 0.09487  -0.00000  0.49793

CaScH, Pm3m 200 a=b=c=3.37410  Ca(la) 0.00000  0.00000  0.00000
Sc(1b) 0.50000  0.50000  0.50000

a=B=y=90  H(I2h) 0.00000  0.75294  0.50000




Table S2. Calculated elastic constants Cj; and bulk (B), shear (G), Young’s (Y) moduli and
Poisson's ratio (o) of the stable phase of Ca-Sc-H systems selected pressures. All moduli are
in GPa.

Ca(ScH,),

CaScHg CaSc,Hy Ca,ScHj, CaScH;,
R3m Immm C2/m Pm3m
Ci, 534.91 520.02 412.87 882.55
Ch, 347.22 246.09 200.89 258.99
Cis 441.77 206.93 210.09 258.99
Cy 534.91 472.53 420.67 882.55
Cas 441.77 253.63 208.1 258.99
Css 722.16 519.86 464.49 882.55
oM 169.09 141.95 119.34 254.99
Css 169.09 95.57 135.12 254.99
Ces 93.84 165.44 111.98 254.99
B 472.62 325.08 281.8 466.85
G 123.82 13431 118.55 277.71
B/G 3.82 2.42 2.38 1.68
Y 341.63 354.16 311.92 695.27
o 0.38 0.32 0.32 0.25
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Figure S1. (a) Total electronic density of states (DOS) of and (b) partial DOS of H atoms in
LaH,,,' CaH,,, CaH,,,” CaScHg, Ca,ScH;,, CaSc,Hy, CaScH,,, and Ca(ScH,); at 200 GPa.
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Figure S2. Electronic density of states for (a) CaScHg and (b) CaSc,Ho under the pressure from 100
to 250 Gpa.
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Figure S3. Electronic density of states for (a) Ca,ScHj, and (b) CaScH, under the pressure

from 100 to 250 GPa.
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Figure S4. Charge state densities of CaScHg, CaSc,Ho, Ca,ScHyy, and CaScH;, at 200GPa.
CaScHg along the (1 1 0) plane, (b) Immm- CaSc,Hy along the (1 0 0) plane, (c) C2/m-Ca,ScH,q
along the (1 0 0) plane, (d) Pm3m-CaScH, along the (-2.02378 1 1.02378) plane at 200 GPa.
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Figure S5. Pressure-dependent phonons and electron-phonon coupling spectra for CaScHg.
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Figure S6. Pressure-dependent phonons and electron-phonon coupling spectra for Ca,ScHjj.
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dependent phonons and electron-phonon coupling spectra for CaSc,Ho.

Figure S7. Pressure
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Figure S8. Pressure-dependent phonons and electron-phonon coupling spectra for CaScHj,.
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