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Supporting Information

The lowest vibrational frequency (in cm™) at eight theoretical levels for the global-

minimum structure 1 (D, 'Aj) of HOK4H,~ cluster.

Energy components of IQA for 1 at the PBEO/TZ2P level; Vint IQA, Vint C, and
Vint XC are the interatomic IQA interaction energy, the coulombic and exchange-

correlation energy components, respectively, in kcal mol=!.

Composition analysis of canonical molecular orbitals (CMOs) for the GM (1)
structure of HOK4H,~ at the PBE0/def2-TZVPP level.

Optimized structures of Dy, HOM4H,~ (M = Li, Na, Rb, Cs) at the PBEO-
D3(BJ)/def2-TZVPP level. The lowest frequencies (in cm~') and the numbers of
imaginary frequencies (NIMG) are shown.

Optimized structures of HOK4H,~ at the CCSD/def2-TZVPP (a) and
CCSD(T)/def2-TZVPP (b) levels. The bond distances (in A) and the lowest
frequencies (in cm™) are shown.

Optimized structures for the top 20 low-lying isomers of K4Hs™ at the PBEO-
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D3(BJ)/def2-TZVPP level. Relative energies are listed in kcal/mol at the single-
point CCSD(T)/def2-TZVPP//PBE(0-D3(BJ)/def2-TZVPP levels, with zero-point
energy (ZPE) corrections at PBEO-D3(BJ)/def2-TZVPP. The T1 diagnostic values
are listed.

Figure S4. Optimized structure of the most stable triplet structure of K4Hs~ with dissociation
at PBE0-D3(BJ)/def2-TZVPP level. The most stable triplet structure without
dissociation is also depictured. Relative energies are listed in kcal mol™! at the
single-point CCSD(T)/def2-TZVPP//PBE0-D3(BJ)/def2-TZVPP levels, with zero-
point energy (ZPE) corrections at PBE0-D3(BJ)/def2-TZVPP. The T1 diagnostic
values are listed.

Figure S5. Optimized structure of K4H, at the PBE0-D3(BJ)/def2-TZVPP level. The bond
distances (in A), Wiberg bond orders (blue color), and NPA charges (in |e|, red
color) are shown.

Figure S6. (a) The ELF contour map of 1. (b) The plot of the Laplacian of electron
density, bond paths and critical points. The red dashed lines denote the areas
of charge concentration (V2p(r) < 0) and the blue area is vice versa. The
brown sticks between the atoms represent bond paths. The brown and yellow
dots are bond and ring critical points, respectively.

Figure S7. Color-filled maps of NICS(0),, for the 1 cluster. Negative values indicate
aromaticity. 0 in parentheses represent the height above the molecular plane (in A).
The blue ring indicates the interface with the NICS,, values of 0.

Figure S8. The canonical molecular orbital energy diagram of 1.

Cartesian coordinates of the top 20 low-lying isomers of K4Hs~ at the PBE(0-D3(BJ)/def2-
TZVPP level.
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Table S1. The lowest vibrational frequency (in cm™) at eight theoretical levels for the global-

minimum structure 1 (Dy;, 'A) of HOK4H,~ cluster.

Theoretical level Lowest vibrational frequency (cm™)
PBEO-D3(BJ)/def2-TZVPP 293
BP86-D3(BJ)/def2-TZVPP 25.6

B3LYP-D3(BJ)/def2-TZVPP 27.1
B3PW91-D3(BJ)/def2-TZVPP 26.4
TPSS-D3(BJ)/def2-TZVPP 26.4
MP2/def2-TZVPP 27.3
MO06-2X/def2-TZVPP 42.8
TPSSh/def2-TZVPP 27.5
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Table S2. Energy components of IQA for 1 at the PBEO/TZ2P level; Vint IQA, Vint C, and
Vint XC are the interatomic IQA interaction energy, the coulombic and exchange-

correlation energy components, respectively, in kcal mol=!.

HK,Hy
Vint IQA (H-K) —91.77

Vint C (H-K) ~78.98 (86.06%)
Vint XC (H-K) ~12.79 (13.94%)
Vint IQA (K-K) 55.57

Vint C (K-K) 56.51 (98.36%)
Vint XC (K-K) ~0.94 (1.64%)
Vint IQA (H*-K) ~98.17

Vint C (H-K) ~80.15 (81.64%)
Vint XC (H*-K) ~18.02 (18.36%)

aH represents the H atoms at the periphery.
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Table S3. Composition analysis of canonical molecular orbitals (CMOs) for the GM (1)

structure of HOK H,4~ at the PBE0/def2-TZVPP level.

HOMO-3 (a;,)

CMO H (%) Hey (%) Ky (%)

s s s/p/d total
0.00 88.25 0.00/9.54/0.00 9.54
0.00 84.38 7.46/5.30/0.00 12.76
0.00 84.38 7.46/5.30/0.00 12.76
25.80 64.38 3.38/2.03/3.54 8.95

HOMO-2 (a;,)

r! ; 57.38 18.98 16.00/3.31/0.00 19.31

aH represents the H atoms at the periphery.
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Figure S1. Optimized structures of D4, HOM H,~ (M = Li, Na, Rb, Cs) at the PBEO-

D3(BJ)/def2-TZVPP level. The lowest frequencies (in cm™!) and the numbers of

imaginary frequencies (NIMG) are shown.

J

HLisHa™ (Dan, “A1g)
287.0i (NIMG 1)

HRb4H47(D4h, 1A1g)
92.3i (NIMG 2)

HNasH4~ (Dan, 1A1g)
191.2i (NIMG 1)

HCssHs (D4h, 1Aﬂg)
161.9i (NIMG 5)
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Figure S2. Optimized structures of HOK4H,~ at the CCSD/def2-TZVPP (a) and
CCSD(T)/def2-TZVPP (b) levels. The bond distances (in A) and the lowest

frequencies (in cm™) are shown.
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Figure S3. Optimized structures for the top 20 low-lying isomers of K4Hs™ at the PBEO-
D3(BJ)/def2-TZVPP level. Relative energies are listed in kcal/mol at the single-
point CCSD(T)/def2-TZVPP//PBE(0-D3(BJ)/def2-TZVPP levels, with zero-point
energy (ZPE) corrections at PBEO-D3(BJ)/def2-TZVPP. The T1 diagnostic values

are listed.
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Figure S4. Optimized structure of the most stable triplet structure of K4Hs~ with dissociation
at PBEO-D3(BJ)/def2-TZVPP level. The most stable triplet structure without
dissociation is also depictured. Relative energies are listed in kcal mol! at the
single-point CCSD(T)/def2-TZVPP//PBE0-D3(BJ)/def2-TZVPP levels, with zero-
point energy (ZPE) corrections at PBE0-D3(BJ)/def2-TZVPP. The T1 diagnostic

values are listed.
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Figure S5. Optimized structure of K4Hy4 at the PBE0-D3(BJ)/def2-TZVPP level. The bond
distances (in A), Wiberg bond orders (blue color), and NPA charges (in [e|, red

color) are shown.

2 KH, (D "Ayg)
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Figure S6. (a) The ELF contour map of 1. (b) The plot of the Laplacian of electron
density, bond paths and critical points. The red dashed lines denote the areas
of charge concentration (V?p(r) < 0) and the blue area is vice versa. The
brown sticks between the atoms represent bond paths. The brown and yellow

dots are bond and ring critical points, respectively.
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Figure S7. Color-filled maps of NICS(0),, for the 1 cluster. Negative values indicate
aromaticity. 0 in parentheses represent the height above the molecular plane (in A).

The blue ring indicates the interface with the NICS,, values of 0.
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Figure S8. The canonical molecular orbital energy diagram of 1.
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Cartesian coordinates of the top 20 low-lying isomers of K4Hs™ at the PBEO-D3(BJ)/def2-

TZVPP level.
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