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NETWORK EXAMPLES
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Figure 1. Examples of Networks arising from Covalent and Electride bonds. The figure shows an example of a network
arising from covalent bonds as in A) for AlH3 (78), with ¢ = 0.36, and an example of a network arising from an electride bonding
pattern as in B) for SizHg (94), with ¢ = 0.58.
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Figure 2. Example of construction of Network 1. The figure shows the steps for the construction of the network for LaH¢
(30). On the left side are visualized the ELF isosurfaces, while on the right side are visualized the network patterns identified
through the selection of the saddle points (small black dots) related to the same and higher value of ELF in respect to the
ELF threshold in the blue box. In step A) no bond is formed. In step B) few isolated bonding patterns appear. In step C) the
highest 3D network spanning through the entire cell is created. The resulting network is constructed by all the hydrogen atoms.
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Figure 3. Example of construction of Network 2. The figure shows the steps for the construction of the network for YHg
(24). On the left side are visualized the ELF isosurfaces, while on the right side are visualized the network patterns identified
through the selection of the saddle points (small black dots) related to the same and higher value of ELF in respect to the ELF
threshold in the blue box. In step A) no bond is formed. In step B) and C) few isolated bonding patterns appear. In step
D) the highest 3D network spanning through the entire cell is created. The resulting network is constructed by a subset of
hydrogen atoms.
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Figure 4. Example of construction of Network 3. The figure shows the steps for the construction of the network for ScHio
(32). On the left side are visualized the ELF isosurfaces, while on the right side are visualized the network patterns identified
through the selection of the saddle points (small black dots) related to the same and higher value of ELF in respect to the
ELF threshold in the blue box. From steps A) to J) is shown the progressive formation of the interatomic bonds leading to the
creation of the network. In step J) can be seen that until for ELF>0.41 the formed network is 2D. In step K) the interplane
ELF connection appears creating the 3D structure necessary for the determination of the networking value (¢). The resulting
network includes all the hydrogen atoms.



DENSITY OF STATES
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Figure 5. DOS as a function of the networking value. The figure shows the total DOS per electron at the Fermi energy,
the hydrogen contribution at the DOS at the Fermi energy per hydrogen atom, and the fraction of DOS at the Fermi level
coming from the hydrogen orbitals as a function of the networking value (¢), the reduced networking value (®), and the reduced
networking value weighted by the fraction of DOS at the Fermi level coming from the Hydrogen atoms (®Ppos) (See main text
for the definitions).



SUPPLEMENTARY NOTE I:
MODEL SUPERCONDUCTING ELECTRON LOCALIZATION FUNCTION

The singlet pair function, or Gor’kov function, for a BCS Cooper pair is given by:[1]
U(ry —rz) = (Upes | ¥y (r2)i(r1) | ¥ses)

620 )
v E uivge” KT
k

where V is the volume, v, = and uy = /1 — vﬁ, with ex the energies of an electron in a Fermi sea,

1 e
2 2\/e2+AL
and Ay the superconducting gap. The singlet pair function represents the macroscopic probability amplitude of finding
the electrons of the Cooper pair, with momentum k and —k, at r; and ry, respectively. In the case of radial k, Kadin

concluded that ¥ can be approximated by][2]

U(r) o cos(kpr) Ko (ﬂ;) ,

wherer =1y —ry, § = % is the BCS coherence length and, as in BCS, Ax = A. In a local density approximation,

kr = kr(R) = (37%p(R))'/3, we can define a Cooper pair wave function that also depends on its spatial position, R,

U(r, R) o cos(kp(R)r) K0< ! > .

ko

Taking the distance between the electrons equal to &,

W(R) = W(&(R), R)  cos (W) Ko (i) . (1)

which provides a real space representation of the Cooper pair wave function.

In Fig. 6 we show the ELF calculated both in the normal and superconducting state for a diatomic system in
which two Gaussians centered at 0 and 2Ry represent the atomic cores and a diffuse function has been used to
represent a metallic state. The results suggests that increasing the networking value also increases the delocalization
(i.e. the connection between localized electrons) in the superconducting state, which can be assumed that helps
superconductivity.
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Figure 6. ELF of the model superconducting wave function. In the figures we show the value of the ELF calculated
for the model of a diatomic system both in the normal state and in the superconducting state for different values of the

superconducting gap and interatomic distance. The saddle point that determines the networking value has been marked with an

arrow in each figure.



SUPPLEMENTARY TABLE

Table I: Table reporting item number used in the manuscript, chemical
formula, space group, superconducting critical temperature as predicted,
pressure at which it has has been predicted, hydrogen fraction Hy, and
the reference from which the T, value has been extracted. The empty
cells refer to missing values from the literature or to the impossibility to

perform calculations.

Item | Chemical formula|Space group|T. (K)|Pressure (GPa)| H; |Reference
0 T, Pi/mbm | 0 150 0667 ]
1 LiH¢ R3m 38.34 150 0.857 [3]
2 LiHg 1422 31.04 100 0.889 [3]
3 KHs C2/c 69.8 166 0.857 [4]
4 BeH, Cmem 44.1 250 0.667 [5]
5 BeHo P4/nmm 62 400 0.667 [5]
6 MgHs Im3m | 271 400 0.857| 6]
7 CaHs Im3m | 235 150 0.857|  [7]
8 SrHg R3m 156 250 0.857| 8]
9 Ball, R3m 0 60 0.667|  [9]
10 Balg P4/mmm | 38 70 0.857|  [9]
11 ScHs - 19.3 18 0.750|  [10]
12 LaHs Cmem | 225 11 0.750|  [10]
13 YH; - 40 17 0.750|  [10]
14 ScH, - 32.9 80 0.667| [11]
15 YH, I4/mmm | 95 120 0.800| [12]
16 YHs Im3m | 264 120 0.857| [12]
17 ScHy I4/mmm 98 200 0.800 [13]
18 ScHe Im3m 169 350 0.857 [14]
19 Pri, Fi3m 0 100 0.900|  [15]

20 CeHyo Fm3m | 168 94 0.909|  [16]
21 CeHy P6s/mme | 50 100 0.900|  [15]
22 Lal, Ce 30 50 0.900|  [15]
23 LaHs R3c 170 100 0.857 [15]
24 YH, P63/mme | 250 150 0.900|  [15]
25 ScHy P63/mmec | 180 400 0.900 [15]
27 YHio Fm3m | 326 250 0.909| [15, 17]
28 LaHy I4/mmm 10 300 0.800 [17]
29 LaHs c2/m | 131 300 0.889| [17]
30 LaHio Fm3m 274 150 0.909 [17]
31 ScHy I41md 163 300 0.900 [14]
32 ScHio Cmem 120 250 0.909 [14]
33 ScHi, Immm | 141 350 0.923)  [14]
34 ScH7 Cmem 169 300 0.875 [14]
35 ScHs P63 /mmc 1 400 0.750 [14]
36 ScH, P6/mmm 4 300 0.667| [14]
37 ScHg P63/mme | 119 130 0.857 8]
38 TiDo.74 — 4.43 30 0.425| [18]
39 TiH, Fm3m 7 0 0.667|  [19]
40 Til, I4/mmm | 0 0 0.667|  [19]
41 ZrH Cmem 11 120 0.500 [20]
42 HFH, I4/mmm | 0 0 0.667| [21]
43 HfH, Cmma 8 180 0.667| [21]
44 HIfH, P21 /m 12 260 0.667| [21]
45 NbH, P63mc 0.5 60 0.667 [22]
46 VH, Fm3m | 05 0 0.667| [22]
47 NbH, Fm3m | 15 0 0.667|  [22]
48 NbH, Pnma 4 60 0.667| [22]
49 NbH, I4/mmm | 47 300 0.800| [23]
50 TaHs Pnma 7.1 200 0.667 [24]
51 TaH, R3m 31 250 0.800|  [24]
52 TaHsg Fdd2 135.8 300 0.857 [24]
53 CrH P63/mme | 10.6 0 0.500|  [25]
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