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Supplementary Text 1. Detail electron configuration of Mn(B3;N3Hg),™ cation:

In the Mn(B3;N3Hg)," cation the a-spin electron configurations of each H, B, N, and Mn
atoms are 1041, 2g0612p0.74 2506920239 and 4500630488 respectively, while the
corresponding electron configurations of B-spin are 1s%41, 250-302p0.79 1 2¢0-69252-36 and
4500533988 respectively.

Supplementary Text 2. Detail electron configuration of BoC;H;," cation:

In the BoC3H;," cation the electron configurations of each H, B, and C are 1s°%,
280662217 "and 2s1032p3-%6, respectively. This means that H and B atoms lose 0.15 and
0.17 electrons while C atom gains about 0.69 electrons.

Supplementary Text 3. Nucleus-independent chemical shift (NICS) criterion of
Pyridine-H*:

In order to confirm the stability of organic molecule, we calculated the nucleus-

independent chemical shifts (NICS). Due to its simplicity and efficiency the NICS
criterion’ is an effective probe of aromaticity, consistent with the Hiickel’s rule.! NICS
is typically computed at ring centers, at points above, and even as grids in and around
the molecule. Significantly, negative NICS values in the interior positions of rings
indicate the presence of induced diatropic ring currents or “aromaticity”’, whereas
positive values at each point denote paratropic ring currents and “antiaromaticity”.
Several NICS indices are in common use, and because the NICS is a tensor, different
components of the tensor are considered as appropriate indices of aromaticity.? In our
study, we calculated NICS at the ring center (NICS(0)) and 1 A above the ring center
(NICS(1)). We find that the NICS(0) and NICS(1) are -7.78 and -9.34 which confirm
Pyridine-H*’s aromaticity.
Supplementary Text 4. Electron localization function (ELF) analyses of Pyridine-H":
Electron localization function (ELF) slices have also been calculated in the Pyridine-
H* plane (ELF(0)) and 1 A above the plane (ELF(1)), showing the localized ¢ band
feature in ELF(0) and delocalized = bond feature in ELF(1). Results are given in Figs.
S6 (a) and (b).

Supplementary Text 5. Detail electron configuration of Pyridine-H* cation:



In the Pyridine-H * cation the electron configurations of each H, C, and N are 1s°7!,
250962306 and 2s!262p*26, respectively. This means that H atom loses 0.29 electrons,
while N atom gains about 0.52 electrons.
Supplementary Text 6. Detail electron configuration of Mn(B3;N3Hg), neutral cluster:
In neutral Mn(B3;N3Hg), the a-spin electron configurations of each H, B, N, and Mn
atoms are 18042, 2g0292p0.74 " 2506800239 gand 459-103d471, respectively, while the
corresponding electron configurations of B-spin are 1s%41, 250-302p098  2¢0.6722.30 and
4501833152 respectively.
Supplementary Text 7. Detail electron configurations of Mn(B3;N3;Hg), absorbed CO;:
When the CO, is adsorbed, the a-spin electron configurations of H, B, N, and Mn atoms
become 18941, 250302074 2g0.68215238 and  450-083d423, respectively, in neutral
Mn(B;3;N3Hg), while the electron configurations of C and O are 2s%382p!3! and
280882p260 in CO,. The corresponding electron configurations of B-spin are 1s%4!,
250312076 2506829237 and 4s0.973d2.06 in Mn(B;N3Hg)," and 250332p081 and 2s0872p252
in CO,, respectively.
Supplementary Text 8. Detail electron configuration of ByC3H;, neutral cluster:
In neutral ByC;H;,, the a-spin electron configurations of each H, B, and C atoms are
18045, 280322p1-13 " and 2s0332p!9%, respectively, while the corresponding electron
configurations of B-spin are 1s%43, 2s%322p1-09 "and 25%312p! 76, respectively.
Supplementary Text 9. Detail electron configurations of BoC;H;; absorbed CO,:
When CO, is adsorbed, the a-spin electron configurations of H, B, and C atoms are
15043, 280332p1.09  and 25%-522p! 83 in ByC3H;, and the electron configurations of C and
O are 2s°612p!32 and 25%892p?3? in CO,, The corresponding electron configurations of
B-spin are 15943, 259-332p199 and 2s%-522p!#3 in ByC3H;, and 2s0372p%8! and 2s0-892p2-30
in CO,, respectively.
Supplementary Text 10. Detail electron configuration of Pyridine-H neutral cluster:
In neutral Pyridine-H, the a-spin electron configurations of each H, C, and N atoms
are 15038, 250492p167 and 2s0932p228, respectively, while the corresponding electron

configurations of B-spin are 1s%48, 2s0472p139 and 25%922p? 13, respectively.



Supplementary Text 11. Detail electron configurations of Pyridine-H absorbed COj:
When CO, is adsorbed, the a-spin electron configurations of H, C, and N atoms are
18037, 280482156 and 25%992p?% in Pyridine-H and the electron configurations of C
and O are 2s%622p!-3! and 2s°872p?33 in CO,. The corresponding electron configurations
of B-spin are 1s%37, 2s042p136 and 25%992p? % in Pyridine-H and 2s°372p%#! and

2s0872p244 in CO,, respectively.

Supplementary Figures
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Figure S1. Thermodynamic stability of four different kinds of superalkalis, namely (a)
Als*, (b) Mn(B;3N3Hg),*, (c¢) BoCsH ;™ and (d) Pyridine-H", studied using ab initio
molecular dynamics simulation. The Nosé heat bath method?® is adopted at a given
temperature for 10 ps with 1 fs interval. The potential energy plots corresponding to the
initial and final snap shots are given in Supplementary Figures 1a-d. During simulations

only structural distortions are noticed, but the bonding, structures, and stabilities remain

unaffected.
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Figure S2. The IR and Raman spectra of four different kinds of superalkalis, namely
(a) Al3*, (b) Mn(B3N3Hg),", (c) BoC3;H ;" and (d) Pyridine-H* studied. The half-width
at half height is 10 cm™! in both IR and Raman spectra.

With regard to the IR spectroscopy, we found that the vibrational frequencies of
Al are mainly distributed in the 200 to 250 cm! region. The vibrational frequency
distributions of BoC3H,," are at 870, 1100, 1230, 2700, and 3200 cm!. The vibrational
frequency distributions of Pyridine-H" are located at 600, 1600, and 3500 cm!. The
vibrational frequency distributions of Mn(B3;N3;Hg), are at 430, 970, 1400, 2700, and
3600 cm!.

With regard to Raman spectroscopy, we found that the peak distribution is around
270 cm!in Al;*. The vibrational frequency distributions of BoC3;H;," are at 870, 2700,
and 3300 cm!. The vibrational frequency distributions of Pyridine-H* are located at
1000 and 3200 cm!. The vibrational frequency distributions of Mn(B3;N3Hg),"are at
890, 2700, and 3600 cm™!.
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Figure S3. The HOMO, LUMO and LUMO+1 orbitals of four different kinds of cation
namely (a) Al;*, (d) Mn(B3N3Hg),", (b) BoCsHi,*, (c) Pyridine-H* and, respectively.
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Figure S4. The HOMO-1, HOMO and LUMO orbitals of four different kinds of neutral
molecules namely (a) Al;, (b) Mn(B3N3Hg),, (¢) BoCsHyp, and (d) Pyridine-H,

respectively.
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Figure S5. Optimized geometries of five different isomers of BoCsH,," cation and their

relative energies with respected the lowest energy configuration (1, 7, 9) BoCsH;,™.
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Figure S6. ELF(0) and ELF(1) slices of Pyridine-H * superalkali.

Supplementary Methods

The atomic structure optimizations, NICS, and vibrational frequency (IR and
Raman) are calculated at the MP2 level.*® Besides, single point calculations of
molecular orbitals NBO analysis are carried out at the CCSD level of theory,’-® with 6-
311+G" basis set for all atom,” embedded in the Gaussian 09 code.!? Frequency analysis
was performed at the same level of theory to ensure that there are no imaginary
frequencies and the structures belong to a minimum in the potential energy surface.

Thermodynamic stability, magnetic properties, and ELF analysis are carried out
using density functional theory (DFT) as implemented in the Vienna Ab initio
Simulation Package (VASP).!! The projector augmented wave (PAW) method'? and
Perdew—Burke—Ernzerhof (PBE)!? exchange correlation functional within generalized

gradient approximation (GGA) are used. Plane waves with a kinetic energy cutoff of



500 eV are used to expand the valence electron wave functions. For all structural
relaxations the convergence criteria for total energy and Hellmann—Feynman force are
setto 10 eV and 1072 eV A~!, respectively. A unit cell with a vacuum space of 30 A
in three directions is used in order to avoid virtual interactions. The first Brillouin zone
is sampled by the I'-point.!* Ab initio molecular dynamics (AIMD) simulations are also
performed to assess the thermal stability of the different Al;*, B¢C3;H;,", CsNH¢" and
Mn(B;N;3;Hg), cations. Canonical (NVT) ensemble is adopted using the Nosé heat bath
method.3

The electron localization function (ELF) is a clear description of electron
distribution in molecules,!> which is used for chemical bond classification.!® The ELF
refers to the jellium-like homogeneous electron gas and renormalizes the value to
between 0.0 and 1.0. The values of 1.0 and 0.5 correspond to fully localized and fully
delocalized electrons, respectively, whereas the value 0.0 refers to nearly no charge
density. We calculated the ELF of the Pyridine-H * cation to identify its bond character.
Slices parallel in the ring plane are called ELF(0) and 1 A above the ring plane called
ELF(1). These are plotted in Fig. s6a and s6b, respectively.

To account for strong correlation of the unfilled d orbital of Mn-d atom, we apply
the GGA+U scheme to account for the magnetic property of Mn(B3;N3Hg),.!” We
carried out test calculations with effective U values ranging from 2 to 5 eV, and found
that the magnetic moment of Mn is 4up and 3ug in Mn(B;Ns;Hg),cation and

Mn(B3;N3Hg), neutral, respectively, no matter which value of U adopted.
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