ISSN 1990-7931, Russian Journal of Physical Chemistry B, 2025, Vol. 19, No. 3, pp. 688—700. © Pleiades Publishing, Ltd., 2025.

CHEMICAL PHYSICS OF NANOMATERIALS

Comparison between Sodium or Potassium-Ion Batteries
and Lithium-Ion Counterparts for Energy-Saving:
A Physico-Chemical Study by Density Functional Theory

F. Mollaamin® * and M. Monajjemi’

¢ Department of Biomedical Engineering, Faculty of Engineering and Architecture, Kastamonu University, Kastamonu, Turkey

b Department of Chemical Engineering, Central Tehran Branch, Islamic Azad University, Tehran, Iran
*e-mail: fmollaamin @kastamonu.edu.tr
Received December 22, 2024; revised January 17, 2025; accepted January 20, 2025

Abstract—As the incremental deficiency of Li resources, it is significant and instant to supersede Li with other
earth-abundant elements for electrochemical energy storage devices. While lithium-ion batteries (LIBs) have
their difficulties, the demand to improve beyond-lithium batteries goes beyond the issues of sustainability and
safety. Accordingly, Na/K-atom energy storage devices, including rechargeable batteries and ionic capacitors
with similar energy storage mechanisms to Li-ion devices, have attracted widespread concerns due to the
abundant reserves of Na/K and low cost. Therefore, in this article, it has been evaluated the promising alter-
native alkali metals of sodium-ion and potassium-ion, batteries. A comprehensive investigation on hydrogen
grabbing by Li,[SnO—SiO], Na,[SnO—-SiO] or K,[SnO—SiO] was carried out including using DFT compu-
tations at the “CAM—B3LYP—D3/6-311+G (d,p)” level of theory. The hypothesis of the hydrogen adsorp-
tion phenomenon was confirmed by density distributions of CDD, TDOS, and ELF for nanoclusters of
Li,[SnO—-SiO]—-2H,, Na,[SnO—-SiO]—-2H, or K,[SnO—SiO]—2H,. The fluctuation in charge density values
demonstrates that the electronic densities were mainly located in the boundary of adsorbate/adsorbent atoms
during the adsorption status. As the advantages of lithium, sodium or potassium over Sn/ Si possess its higher
electron and hole motion, allowing lithium, sodium or potassium instruments to operate at higher frequen-
cies than Sn/Si instruments. Among these, sodium-ion batteries seem to show the most promise in terms of
initial capacity.

Keywords: sodium or potassium battery, density of states, charge distribution, materials modeling, hydrogen

adsorption, energy storage
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1. INTRODUCTION

Rechargeable lithium-ion batteries (LIBs) and
lithium-ion capacitors have dominated the vast mar-
ket of electrochemical energy storage devices involving
laptops, communication, consumer electronics, and
electric vehicles due to their great energy density and
stable cycling performance. Although lithium-ion bat-
teries have become available in the current technology
perspective through their high energy density, they
face serious discussions in terms of safety and sustain-
ability. With the enhancing global request for energy,
there is an essential need for alternative efficient
energy storage systems. This is driving research into
non-lithium battery systems. This paper presents a
comprehensive research on non-lithium battery tech-
nologies, specifically sodium-ion and potassium-ion
batteries [1—10].

Along with the sodium ion, potassium-ion is the
prime chemistry replacement candidate for lithium-
ion batteries. The potassium-ion has certain advan-

tages over similar lithium-ion such as: the cell design
is simple, and both the material and the fabrication
procedures are cheaper. The key advantage is the
abundance and low cost of potassium in comparison
with lithium, which makes potassium batteries a
promising candidate for large scale batteries such as
household energy storage and electric vehicles. Another
advantage of a potassium-ion battery over a lithium-
ion battery is potentially faster charging [11—20].

Recently, Si-, Ge- or Sn-carbide nanostructures
have been suggested as engaged H-grabbing com-
pounds [14—16]. Since the polarizability of silicon is
more than carbon, it is supposed that Si—C/Si
nanosheet might attach to compositions more strongly
in comparison to the net carbon nano-surfaces [21—
31]. It was presented with a novel semiconducting
alloy, silicon-tin (SiSn), as channel material for com-
plementary metal oxide semiconductor (CMOS) cir-
cuit applications [32].
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Fig. 1. Adsorption of hydrogen by (a) Li,[SnO—SiO], to
(b) Na,[SnO—-SiO], (c) K,[SnO—-SiO] towards formation
of (a') Li;[SnO—-SiO]-2H,, (b') Na,[SnO—-SiO]-2H,,
and (c') K,[SnO—-SiO]—-2H,.

Nanomaterials with remarkable specific structures
indicate promising applications in the field of energy
storage, electrocatalysis, and fuel cells [33—41]. In our
previous works, the investigation of energy storage in
fuel cells through hydrogen adsorption has been
accomplished using DFT calculations through differ-
ent nanomaterials consisting of silicon/germa-
nium/tin/lead nano-carbides [42], magnesium-alu-
minum alloy [43] and aluminum/carbon/silicon dop-
ing boron nitride nanocage [44].

Currently, the present research aims to explore the
possibility of using Li,[SnO—SiO], Na,[SnO—-SiO] or
K,[SnO—SiO] nanocluster for hydrogen storage by
employing first-principles calculations. We have ana-
lyzed the structural and electronic properties of
Li,[SnO—-SiO], Na,[SnO-SiO] or K,[SnO-SiO]
nanocluster and hydrogen-adsorbed nanoclusters of
Li,[SnO—SiO]—-2H,, Na,[SnO-SiO]-2H, or
K;5[SnO—SiO]—-2H, using state-of-the-art computa-
tional techniques. In this work, considering that the
physicochemical and electrochemical features of elec-
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trolytes play a critical role in the device performance,
we have elaborated the advanced analysis and charac-
terization technologies of the electrolytes involving
structure evaluation and stability assessment through
theoretical approaches.

2. THEORY, MATERIALS AND COMPUTATION

The aim of this study is to hydrogen adsorption by
using alkali metals-based nanoclusters of Li,[SnO—
SiO]/Li,[SnO—SiO]—2H,, Na,[SnO-Si0]/
Na,[SnO—-SiO]-2H, or K,[SnO-SiO]/K,[SnO—
SiO]—-2H, (Figs. 1a, 1a', 1b, 1b', 1c, 1c¢') which can
increase the hydrogen storage in cell batteries, transis-
tors or other semiconductors. In our research, the cal-
culations have been done by CAM—B3LYP-D3/
EPR-3 level of theory. A new hybrid exchange—cor-
relation functional named CAM—B3LYP is proposed.
It combines the hybrid qualities of B3LYP and the
long-range correction [45].

Figures 1a, 1a’, 1b, 1b', 1c, 1c') shows the process
of hydrogen adsorption by Li,[SnO—SiO], Na,[SnO—
SiO] or K,[SnO—-SiO] nanocluster and hydrogen-
adsorbed nanoclusters of Li,[SnO—-SiO]-2H,,
Na,[SnO—-SiO]-2H, or K,[SnO-SiO]-2H,. The
Bader charge analysis [46, 47] was discussed during
trapping of hydrogen atoms by Li,[SnO-SiO],
Na,[SnO-SiO] or K,[SnO-SiO] nanoclusters
(Figs. 1a, 1a', 1b, 1b', 1c, 1c')). The rigid potential
energy surface using density functional theory [48—61]
was performed due to Gaussian 16 revision C.01 pro-
gram package [62] and GaussView 6.1 [63]. The coor-
dination input for hydrogen grabbing by Li,[SiO—
SnO], Na,[SiO—SnO], and K,[SiO—SnO] applied
LANL2DZ and 6-311+G (d,p) basis sets with multi-
plicity = 1.

3. RESULTS AND DISCUSSION
3.1. Charge Density Differences Analysis

The amounts of charge density differences (CDD)
are measured by considering isolated atoms or nonin-
teracting ones. The mentioned approximation can be
the lightest to use because the superposition value may
be received from the primary status of the self-consis-
tency cycle in the code that carries out the density
functional theory (Figs. 2a, 2a’, 2b, 2b', 2c, 2¢') [64].

In Fig. 2a, Li, [SnO—SiO] cluster with the fluctu-
ation in the region around —12 to +6 Bohr forms the
nanocluster of Li,|[SnO—SiO]—-2H, (Fig. 2a') in the
area around —12 to +3 Bohr. Furthermore, the atoms
of 02, 03, 07-012, 014, 015, 017, 018, 022—-027,
029, 030 from Na, [SnO—-SiO] (Fig 2b) have shown
the fluctuation around —12 to +4 Bohr towards for-
mation of Na,[SnO—-SiO]-2H, through hydrogen
adsorption (Fig. 2b"). In addition, K,[SnO—SiO] clus-
ter with the fluctuation in the region around —12 to
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Fig. 2. CDD graphs for (a) Li,[SnO—SiO], (a') Li,[SnO—SiO]—2H,, (b) Na,[SnO—SiO], (b') Na,[SnO—SiO]—2H,,

(c) K5[SnO—-Si0], and (c') K,[SnO—-SiO]—-2H, nanoclusters.

+4 Bohr (Fig. 2¢) forms the nanocluster of K,[SnO—
SiO]—2H, during hydrogen grabbing (Fig. 2c') in the
same range of area around —12 to +4 Bohr. Atomic
charge was discussed during trapping of hydrogens by
Li,[SnO—-SiO], Na,[SnO-SiO] or K,[SnO-SiO]
nanoclusters towards formation of Li,[SnO—SiO]—

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B

2H,, Na,[SnO—-SiO]-2H, or K,[SnO-SiO]—-2H,,
respectively (Table 1).

The atomic charge of Si, Sn, O, and alkali metals of
Li, Na, K and hydrogen atoms absorbed on Li,| SnO—
SiO], Na,[SnO—-SiO] or K,[SnO—-SiO] nanoclusters
have been measured. The values detect that with add-
Vol. 19
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Table 1. The atomic charge (Q/coulomb) for the atomic charge (Q/coulomb) for Li,[SnO—-SiO], Li,[SnO—SiO]—-2H,,
Na,[SnO—-SiO], Na,[SnO—-SiO]-2H,, K;[SnO—-SiO] nanoclusters, and K,[SnO—-SiO]—-2H, nanoclusters

Li,[SnO-SiO] [|Li,[SnO—SiO]—2H,|| Na,[SnO—SiO] [|Na,[SnO—-SiO]-2H,|| K,[SnO-SiO] |K,[SnO-SiO]-2H,
atom | charge atom charge || atom | charge atom charge atom charge atom charge
Sil 1.45 Sil 1.45 Sil 1.46 Sil 1.46 Sil 1.46 Sil 1.45
02 —0.63 02 —0.63 02 —0.63 02 —0.63 02 —0.63 02 —0.70
03 —0.83 03 —0.83 03 —0.83 03 —0.83 03 —0.83 03 —0.83
Si4 1.41 Si4 1.41 Si4 1.40 Si4 1.40 Si4 1.40 Si4 1.41
Si5 1.43 Si5 1.43 Si5 1.44 Si5 1.44 Si5 1.44 Si5 1.46
Si6 1.47 Si6 1.46 Si6 1.46 Si6 1.46 Si6 1.46 Si6 1.44
o7 —0.72 o7 —0.72 o7 —-0.72 o7 —-0.72 o7 -0.72 07 —0.66
08 —0.83 08 —0.83 08 —0.83 08 —0.83 08 —0.83 08 —0.83
09 —0.78 09 —0.78 09 —0.78 09 —0.78 09 —0.78 09 —0.78
010 —1.00 010 —0.99 010 | —1.00 010 —0.99 010 | —1.05 010 —1.06
ol1 —0.81 ol1 —0.81 Ol1 —0.81 ol1 —0.81 ol11 | —0.81 Ol1 —0.80
012 —0.95 012 —0.95 012 | —-0.96 012 —0.96 012 | —0.98 012 —0.96
Sil3 1.41 Sil3 1.41 Sil3 1.38 Sil3 1.39 Sil3 1.36 Sil3 1.35
014 —0.76 014 —0.76 014 | —-0.76 014 -0.77 014 | —0.77 014 —0.72
o15 —0.69 O15 —0.69 Oo15 | —-0.70 o15 —0.70 Oo15 | —0.70 015 —0.78
Snl6 1.69 Snl6 1.70 Snl6 1.71 Snl6 1.71 Snl6 1.69 Snl6 1.69
017 —0.81 017 —0.81 017 —0.81 017 —0.81 017 | —0.80 017 —0.80
O18 —0.88 018 —0.88 018 | —0.88 018 —0.88 018 | —0.88 O18 —0.88
Sn19 1.69 Sn19 1.69 Sn19 1.70 Sn19 1.69 Sn19 1.69 Sn19 1.69
Sn20 1.66 Sn20 1.66 Sn20 1.66 Sn20 1.66 Sn20 1.65 Sn20 1.65
Sn21 1.69 Sn21 1.69 Sn21 1.69 Sn21 1.69 Sn21 1.70 Sn21 1.69
022 —0.84 022 —0.84 022 | —0.84 022 —0.84 022 | —0.84 022 —0.84
023 —0.89 023 —0.89 023 | —0.89 023 —0.89 023 | —0.89 023 —0.88
024 —1.04 024 —1.04 024 | —1.06 024 —1.06 024 | —1.11 024 —1.11
025 —0.90 025 —0.90 025 | —0.90 025 —0.90 025 | -0.90 025 —0.90
026 —1.00 026 —1.00 026 | —1.03 026 —1.02 026 | —1.06 026 —1.06
027 —0.94 027 —0.94 027 | —0.93 027 —0.93 027 | —0.92 027 —-0.92
Sn28 1.78 Sn28 1.78 Sn28 1.82 Sn28 1.83 Sn28 1.68 Sn28 1.69
029 —0.88 029 —0.88 029 | —0.90 029 —0.89 029 | —0.89 029 —0.89
030 —0.86 030 —0.86 030 | —0.86 030 —0.86 030 | —0.86 030 —0.86
Li3l 0.70 Li31 0.60 Na3l 0.78 Na3l 0.69 K31 0.89 K31 0.84
Li32 0.68 Li32 0.58 Na32 0.66 Na32 0.57 K32 0.87 K32 0.86
— — H33 —0.02 — — H33 —0.02 — - H33 —0.05
— — H34 —0.00 — — H34 —0.01 — — H34 —0.04
— — H35 0.12 — — H35 0.09 — — H35 0.08
— — H36 0.10 - — H36 0.08 — — H36 0.06

ing lithium, sodium and potassium, the negative
atomic charge of oxygen atoms of 02, O3, O7-012,
014, 015, 017, 018, 022-027, 029, 030 in
Li,[SnO—-SiO]—-2H,, Na,[SnO-SiO]-2H, or
K,[SnO—SiO]—-2H, nanoclusters augments. In fact,
Li,[SnO—SiO], Na,[SnO—-SiO] or K,[SnO-SiO]

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vol. 19

nanoclusters have shown more efficiency than [SnO—
SiO] cluster [30] for admitting the electron from elec-
tron donor of H33, H34, H35 and H36 (Table 1 and
Figs. 3a—3c).

The changes of charge density analysis in the
adsorption process have illustrated that Li, [SnO—
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Fig. 3. The fluctuation of atomic charge (Q/coulomb) for (a) Li;[SnO—SiO], (b) Na,[SnO—SiO] or (c) K,[SnO—SiO] nanoclus-

ters.
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SiO] has shown the “Bader charge” of —1.631 cou-
lomb before hydrogen adsorption and —1.633 coulomb
after hydrogen adsorption. Moreover, the changes of
charge density analysis for Na,[SnO—SiO] has shown
the “Bader charge” of —1.626 coulomb before hydro-
gen adsorption and —1.635 coulomb after hydrogen
adsorption. However, K,[SnO—SiO] has shown the
“Bader charge” of —1.574 coulomb before hydrogen
adsorption and after hydrogen adsorption. The differ-
ences of charge density for these structures are measured

as: AQLiz[SnO—SiO] =-0.002, AQNEQ[SHO*SI’O] =-0.009
and AQx sno-sio] = 0. Therefore, the results have
shown that the cluster of Na,[SnO—SiO] and Li,

[SnO—SiO] may have the most tensity for electron
accepting owing to hydrogen grabbing.

3.2. TDOS Analysis

Squirming the molecular orbital data owing to
gaussian graphs of unit altitude and entire width at
“half maximum (FWHM)” of 0.3 eV by “GaussSum
3.0.2” [65] have computed total density of states
(TDOS) diagrams. Regarding adsorption behavior of
hydrogen by Li,[SnO—-SiO], Na,[SnO-SiO] or
K,[SnO—SiO] nanoclusters, TDOS has been mea-
sured. This parameter can indicate the existence of
important chemical interactions often on the convex
side (Figs. 4a, 4a’', 4b, 4b', 4c, 4c'). During formation
of Li,[SnO—SiO] cluster, Fig. 4a has shown the peaks
with the highest intensity around —0.3, —0.45 and
—0.60 a.u. due to covalent bond between two atoms of
Li, with [SnO—SiO] cluster. Moreover, Li,[SnO—
SiO]—2H, has indicated a duplicate peak around
—0.45 to —0.5 a.u. during hydrogen adsorption (Fig. 4a").
After H-grabbing by Na,[SnO—-SiO] cluster, pointed
peaks around —0.3, —0.45 and —0.60 a.u. due to cova-
lent bond between two atoms of Na with [SnO—SiO]
cluster (Fig. 4b). Furthermore, Na,[SnO—SiO]-2H,
has indicated a duplicate peak around —0.45 to —0.5 a.u.
during hydrogen adsorption (Fig. 4b"). However, the
maximum energy of TDOS for K,[SnO-SiO]
(Fig. 4c) with several peaks around —0.35, —0.45,
—0.6 and —0.75 a.u. with maximum density of state of
~23 around —0.35 a.u. has been shown. Moreover,
similar amounts of TDOS for K,[SnO—-SiO]-2H,
(Fig. 4¢") through some fluctuations in the behavior of
the graphs have been observed.

3.3. ELF Analysis

A type of scalar fields called electron localization
function (ELF) may demonstrate a broad span of
bonding samples. Nevertheless, the distinction
between  deduced/raised electron delocaliza-
tion/localization into cyclic m-conjugated sets stays
encouraging for ELF [66]. The grosser the electron
localization is in an area, the more likely the electron
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movement is restricted within it. Therefore, they
might be discerned from the ones away if electrons are
totally centralized. As Bader investigated, the zones
with large electron localization possess extensive mag-
nitudes of Fermi hole integration [67]. But, with hav-
ing a six-dimension function for the Fermi hole, it
seems hard to be studied directly. Then, Becke and
Edgecombe remarked that spherically averaged like
spin conditional pair probability possesses a direct
correlation with the Fermi hole and proposed the
parameter of ELF in Multiwfn program [68, 69] and
popularized for spin-polarized procedure [70]:

1
ELF(r)= , @9
M ECENG)
where
y 2
Zn, o, (r)f - 'Vp"‘ LGRS
Pal(r) — pp(r)
and
_ 3 2\2/3 5/3 5/3
Dy(r) ==(67) " [pu(r)” + ()] )
For close-shell system, since p, = pg = (1/2)p, D
and D, terms can be simplified as:
2 1|Vp ”|
n [V, (r C))
Z i 8 p(r)
and
2/3
Dy (r) = (3/10) (32°) " p(r)"”. )

Regarding kinetic energy, ELF was rechecked to be
more punctual for both Kohn—Sham DFT and post-
HF wavefunctions [71]. In fact, the excess kinetic
energy density caused by Pauli repulsion was unfolded
by D(r) and Dy(r) may be inspected as Thomas—Fermi
kinetic energy density. Because D,(r) is brough for-
ward the ELF as origin, what the ELF shows is an
affiliate localization. Trapping of hydrogens by
Li,[SnO—SiO], Na,[SnO—-SiO] or K,[SnO—SiO] nano-
clusters towards formation of Li,[SnO—SiO]—2H,,
Na,[SnO—-SiO]-2H, or K,[SnO—-SiO]-2H, can be
defined by ELF graphs owing to exploring their delo-
calization/localization characterizations of electrons
and chemical bonds (Figs. 5a, 5a', 5b, 5b', 5c, 5¢').

A vaster jointed area engaged by an isosurface map
has shown the electron delocalization in Li,[SnO—
SiO] (Fig. 5a), Li,[SnO-SiO] —2H, (Fig. 5a"),
Na,[SnO-SiO] (Fig. 5b), Na, [SnO-SiO]-2H,
(Fig. 5b"), K, [SnO-SiO] (Fig. 5c¢), and K,[SnO—
SiO]—2H, (Fig. 5c') through labeling atoms of O12,
Sil13, 026, Ge28, X31(X = Li, Na or K) and H35. In
fact, the counter map of ELF can confirm that
Li,[SnO—-Si0O], Na,[SnO-SiO], or K,[SnO-SiO]
nanocluster may increase the efficiency during hydro-
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Fig. 4. TDOS graphs of (a) Li)[SnO—SiO], (a') Liy[SnO—SiO]—2H,, (b) Na,[SnO—SiO], (b') Na,[SnO—SiO]—2H,,

(c) K»[SnO—-Si0], and (c') K,[SnO—-SiO]—-2H, nanoclusters.

gen adsorption towards formation of Li,[SnO—SiO]—
2H,, Na, [SnO-SiO]-2H,, or K, [SnO-SiO]-2H,
nanocluster.

Moreover, intermolecular orbital overlap integral is
important in discussions of intermolecular charge
transfer which can calculate HOMO-HOMO and
LUMO-LUMO overlap integrals between the H, mol-
ecules and heteroclusters of Li,[SnO—-SiO],
Na,[SnO—-SiO] or K,[SnO—-SiO]. The applied wave-
function level is CAM—B3LYP—D3/6—311+G(d,p)

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B

that corresponds to HOMO and LUMO, respectively
(Table 2).

The amount of “Mayer bond order” [72] is gener-
ally according to empirical bond order for the single
bond is near 1.0. “Mulliken bond order” [73] with a
small accord with empirical bond order is not appro-
priate for quantifying bonding strength, for which
Mayer bond order always performs better. However,
“Mulliken bond order” is a good qualitative indicator
for “positive amount” of bonding and “negative
No. 3
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Table 2. LUMO, HOMO, energy gap (AE), Ring perimeter (A), Total ring area (A2) for Li,[SnO-SiO], Na,[SnO-SiO],
K5[SnO—-SiO] through hydrogen grabbing and formation of Li,[SnO—SiO]—2H,, Na,[SnO—-SiO]—-2H,, K,[SnO—-SiO]—

2H, heteroclusters

Li,[SnO-SiO] 5.18 —5.36 —4.70 0.6512 9.33 5.15
Na,[SnO-SiO] 5.133 —5.31 —4.65 0.6600 9.91 6.67
K5[SnO—-SiO] 5.10 —5.31 —4.62 0.6862 9.91 6.67
Li,[SnO—SiO]—-2H, 5.24 —5.31 —4.66 0.6507 9.91 6.67
Na,[SnO—-SiO]-2H, 5.17 —5.29 —4.63 0.6596 9.91 6.67
K,[SnO-SiO]-2H, 4.89 -5.29 —4.64 0.6525 9.91 6.67

Table 3. The bond order of Mayer, Wiberg, Mulliken, Laplacian and Fuzzy from mixed alpha and beta density matrix for

Li,[SnO-SiO], Na,[SnO—-SiO], K,[SnO—-SiO] heteroclusters

Bond order
Compound Bond type
mayer wiberg mulliken laplacian fuzzy
012-Sil3 0.47 0.60 0.14 0.20 1.00
0O12—-Li31 0.15 0.21 0.14 0.23 0.13
Li,[SnO—-SiO]
026—Sn28 0.44 0.53 0.23 0.46 1.20
026—Li31 0.25 0.28 0.20 0.16 0.15
O12-Sil13 0.49 0.60 0.18 0.19 0.96
0O12—Na3l 0.11 0.16 0.11 0.14 0.31
Na,[SnO—-SiO]
026—Sn28 0.43 0.53 0.23 0.43 1.15
026—Na3l 0.19 0.20 0.16 0.14 0.33
012-Sil3 0.51 0.61 0.20 0.18 0.96
012—K31 0.23 0.14 0.07 0.18 0.36
K,[SnO-SiO]
026—Sn28 0.49 0.54 0.29 0.41 1.14
026—K31 0.06 0.18 0.15 0.14 0.39

amount” of antibonding which are evacuated and
localized, respectively (Tables 3, 4).

As it isseen in Tables 3, 4, “Laplacian bond order”
[74] has a straight cohesion with bond polarity, bond
dissociation energy and bond vibrational frequency.
The low value of Laplacian bond order might demon-
strate that it is insensitive to the calculation degree
applied for producing electron density. Generally, the
value of “Fuzzy bond order” is near Mayer bond
order, especially for low-polar bonds, but much more

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B

stable with respect to the change in basis-set. Compu-
tation of “Fuzzy bond order” demands running
“Becke’s DFT” numerical integration, owing to
which the calculation value is larger than assessment
of “Mayer bond order” and it can concede more pre-
cisely [75, 76]. Newly, the research on Na/K-atom
devices has grown rapidly to reach the goals of practi-
cal applications. One of the current priorities is the
optimization of electrolytes from the aspects of scien-
tific issues, including structure improvement, formula
Vol. 19
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Table 4. The bond order of Mayer, Wiberg, Mulliken, Laplacian and Fuzzy from mixed alpha and beta density matrix for
hydrogenated heteroclusters of Li,[SnO—SiO]—-2H,, Na,[SnO—-SiO]-2H,, K,[SnO—-SiO]-2H,

Bond order
Compound Bond type

mayer wiberg mulliken laplacian fuzzy

O12-Sil3 0.47 0.60 0.14 0.20 1.00

O12—-Li3l 0.16 0.21 0.15 0.19 0.13

Li,[SnO—-SiO]-2H, |026—Sn28 0.43 0.53 0.23 0.46 1.20
026—Li31 0.25 0.28 0.21 0.30 0.15

Li31-H33 0.10 0.18 0.09 0.08 0.20

O12-Sil3 0.48 0.60 0.18 0.19 0.96

0O12—Na3l 0.12 0.16 0.12 0.13 0.31
Na,[SnO—-SiO]-2H, | 026—Sn28 0.42 0.53 0.23 0.43 1.15
026—Na3l 0.20 0.20 0.17 0.16 0.33

Na31-H33 0.08 0.16 0.07 0.06 0.20

O12-Sil3 0.51 0.62 0.20 0.20 0.97

O12—K31 0.17 0.13 0.06 0.10 0.35

K,[SnO—-SiO]-2H, |026—Sn28 0.48 0.54 0.28 0.41 1.14
026—K31 0.11 0.18 0.14 0.10 0.39

K31-H33 0.06 0.17 0.05 0.04 0.20

adjustment involving variety and concentration of salts
and solvents.

CONCLUSIONS

In this article, we have expounded the advanced
analysis and characterization technology of electro-
lytes, and applications of Na/K devices. In summary,
H-grabbing by the nanoclusters of Li,[SnO—SiO],
Na,[SnO—-SiO] or K,[SnO—-SiO] was investigated by
first-principles computations of DFT method. The
alterations of charge density illustrated a remarkable
charge transfer towards Li,[SnO—SiO], Na,[SnO—
Si0] or K,[SnO—SiO]. The fluctuation in charge den-
sity values demonstrates that the electronic densities
were in the boundary of adsorbate/adsorbent atoms
during the adsorption status. Besides, thermodynamic
parameters describing H-grabbing by alkali metals-
based nanoclusters of Li,[ SnO—SiO], Na,[SnO—-SiO]
or K,[SnO—SiO] have been investigated including
internal process of the adsorbent—adsorbate system.

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vol. 19

It is well established that the addition of Li, Na or
K to cell batteries may increase the energy storage in
cell batteries. In this work, we explore the effect of Li,
Na or K on [SnO-SiO] heterocluster. Moreover,
hydrogen bond (H-bond) accepting sites by Li,[SnO—
SiO], Na,[SnO—-SiO] or K,[SnO—-SiO] can alleviate
parasitic hydrogen evolution in aqueous electrolytes in
lithium, sodium, or potassium-ion batteries. Today, it
is crucial to distinguish the potential of hydrogen tech-
nologies and bring up all perspectives of their perfor-
mance, from technological progresses to economic
and social effects. The authors intend to pursue
research on sustainability and clean energy subjects
towards finding new solutions for reducing the global
dependency on fossil fuels. Finally, it is proposed the
perspective on current dilemmas and outlook future
direction of electrolytes in the post lithium era. Na/K
devices will be hopeful options to replace LIBs due to
their similar characteristics and cheap cost, but
numerous research and efforts on electrolytes should
be focused on optimizing the performance of devices
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and popularize their practical application in the
future.
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