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Abstract: Tin carbide (SnC) based nanostructures are distinctive materials with unique compositional,
structural, optical, and electronic properties with exceptional band structure, moderate surface area, and
exceptional thermal and chemical stability. Because of these properties, SnC-based nanomaterials have
shown promising applications and higher performance in the biological arena. Functionalizing of Li™,
Na*, K* cations can augment the negative atomic charge of C2, C3, C7-C12, C14, C15, C17, C18, C22-
C27, C29, C30 as electron acceptors in SnLi*C, SnNa*C and SnK*C nanoclusters. SnLi*C, SnNa*C,
SnK*C nanoclusters have shown the steepest maximums TDOS surrounding —0.30, —0.40, —0.50, and —
0.60 a.u. owing to the covalent bond between Li*, Na*, K* cations and SnC nanostructure with a
maximum density of state of = 12. The layered tin carbide improved by alkali metal ions of lithium
(1+), sodium (1+), and potassium (1+) has indicated the structural stability of Li*-, Na*-, and K*-ion
heteroclusters through the reported stability energies. Finally, the unresolved issues, plausible
challenges, current status, and future perspectives for the development and design of SnC have been
summarized and are expected to promote a clinical path for the medical sector and human well-being.
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1. Introduction

Today, it has been theoretically proven that two-dimensional graphene-like carbides,
such as silicon carbide and germanium carbide monolayers, decorated with alkaline and
transition-metal atoms, are promising candidates for hydrogen storage [1-6]. In this work, a
theoretical study of the adsorption of hydrogen molecules on 2DSnC decorated with alkali
metal (AM) atoms, such as Li, Na, and K, is reported, and the suitability of these decorated
monolayers for hydrogen storage is discussed [7-9].

The majority of tin complexes are effective against a wide range of different disorders,
including convulsions, tumors, cancer, malaria, tuberculosis, and diabetes. The majority of the
tin complex exhibits drug-like antibacterial and antifungal properties. Tin complexes have
greater activity than free ligands like macrocyclic and Schiff bases [10].
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The tin compound SnCl2C3s4H32Na gives a sharp signal at 5-576 ppm in the 12°Sn NMR
spectrum, below the reported value for tri-coordinated hydrated tin (11) chloride. But in the case
of four coordination number of tin complexes show square pyramidal geometry [11,12].

The triphenyltin (IV) complexes with 2-thiobarbituric acid have 1Cso values of 0.06—
0.2 uM toward various tumor cell lines, and the tricyclohexyltin (IV) complexes contain ICso
values of 0.15-1.41 Mn for a number of human tumor cell lines. Therefore, the inorganic tin
(1V) complexes 1-3 are potential chemotherapeutic candidates to avoid the pollution problem
of the organotin drugs [13].

In addition, the scientists applied first-principles simulations to determine the stability,
electrical, and photocatalytic properties of a SnC/SnS, heterojunction. Analysis of its work
function showed that the SnC/SnS; heterojunction has a built-in electric field pointing from the
SnC monolayer to the SnS2 monolayer. The band edge position and the differential charge
density indicate that the SnC/SnS, heterostructure exhibits a Z-scheme photocatalytic
mechanism. It is found that the band gap and light absorption of the heterojunction can be
effectively tuned by biaxial strain. These results demonstrate that the fabricated SnC/SnS;
heterojunction has significant photocatalysis potential [14,15].

We have studied the structural and electronic attributes of SnLi*C, SnNa*C, and SnK*C
nanoclusters using state-of-the-art computational techniques (Figure 1a,b,c).
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Figure 1. Optimized nanoclusters of (a) SnLi*C; (b) SnNa*C; (c) SnK*C.

2. Materials and Methods

The aim of this study is to transport alkali metal ions of Li*, Na*, and K* by SnC
nanocages towards the formation of SnLi*C, SnNa*C, and SnK*C complexes (Scheme 1),
which can increase the ion transfer in the cell membrane [16-19].

The analysis of Bader charge parameter [20] has been illustrated for lon transport by
hybrid clusters of SnLi*C, SnNa*C, and SnK*C complexes with multiplicity of +1 by Gaussian
16 revision C.01 [21] and GaussView 6.1 programs [22].
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Scheme 1. Adding Li*, Na*, and K* to SnC nanocluster and formation of (a) SnLi*C; (b) SnNa*C; (c) ShnK*C
complexes towards ion transport in biological cells.

The Li*/Na*/K* insertion might also result in the cleavage of some C-Li*, C-Na*, or
C-K* bonds in the SnC nanocluster (Figure 1a, b, c). At the same time, the Li*, Na*, or K*
cations could react rapidly with tin or carbon of SnC nanocluster to form SnLi*C, SnNa*C, and
SnK*C heteroclusters.

3. Results and Discussion

3.1. Charge density differences analysis.

In Figure 2(a,b,c), charge density differences (CDD) [23] have been shown for SnLi*C,
SnNa*C, and SnK*C nanoclusters. Moreover, the elements of C2, C3, C7-C12, C14, C15, C17,
C18, C22-C27, C29, C30 from SnLi*C, SnNa*C, and SnK*C nanoclusters have displayed the
vibration about —12 to +9 Bohr (Figure 2a,b,c).

The charge distribution has been illustrated during alkali metal ions captured by SnC
nanostructure towards the formation of SnLi*C, SnNa*C, and SnK*C nanoclusters, respectively
(Table 1).
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Figure 2. CDD graphs for (a) SnLi*C; (b) SnNa*C; (c) SnK*C nanoclusters.

Table 1. The atomic charge (Q/coulomb) for SnLi*C, SnNa*C and SnK*C nanoclusters.

SnLi*C SnNa*C SnK*C
Atom/lon Q Atom/lon Q Atom/lon Q

Snl 0.4767 Snl 0.4829 Snl 0.4511
Cc2 -0.3183 C2 -0.3227 C2 -0.3434
C3 -0.1790 C3 -0.1825 C3 -0.1630
Sn4 0.4706 Sn4 0.4704 Sn4 0.4485
Sn5 0.4638 Sn5 0.4714 Sn5 0.4850
Sné 0.5113 Sné 0.5534 Sné 0.5678

c7 -0.3102 C7 -0.3107 c7 -0.3273

C8 -0.1559 C8 -0.1500 C8 -0.1794

C9 -0.3352 C9 -0.3276 C9 -0.3091
C10 -0.7357 C10 -0.6994 C10 -0.9351
Cl1 —0.3444 Cl1 —-0.3427 C11 -0.2682
C12 -0.7635 C12 -0.7655 C12 -0.8307
Sn13 1.4424 Sn13 1.4300 Sn13 1.1959
Cl4 -0.3032 C14 -0.3191 Cl4 -0.2949
C15 —0.3108 C15 —0.3304 C15 -0.3156
Sn16 0.5585 Snl6é 0.5969 Snl6 0.5715
C17 -0.3216 C17 -0.3219 C17 -0.3155
C18 -0.1694 C18 —0.1683 C18 -0.1911
Snl9 0.4356 Snl9 0.4417 Snl9 0.4305
Sn20 0.4845 Sn20 0.4840 Sn20 0.4677
Sn21 0.4658 Sn2l 0.4769 Sn21 0.4552
C22 -0.3189 C22 -0.3188 C22 -0.3025
C23 —0.1495 C23 -0.1521 C23 -0.1659
C24 —0.7049 C24 —0.6645 C24 -0.8797
C25 -0.3237 C25 -0.3286 C25 -0.2838
C26 -0.7209 C26 -0.7239 C26 -0.7893
C27 -0.4179 C27 -0.4077 Cc27 -0.3248
Sn28 1.3792 Sn28 1.3973 Sn28 1.1998
C29 —0.3228 C29 —0.3493 C29 -0.3582
C30 -0.3155 C30 -0.3329 C30 -0.334
Li*31 0.5219 Na*31 0.5196 K*31 0.7966
Li*32 0.3115 Na*32 0.1943 K*32 0.8429

Functionalizing of Li*, Na*, K* cations can augment the negative atomic charge of C2,
C3, C7-C12, C14, C15, C17, C18, C22-C27, C29, C30 as electron acceptors in SnLi"C,
SnNa*C and SnK*C nanoclusters (Figure 3a,b,c).
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Figure 3. The changes of charge distribution (Coulomb) for (a) SnLi*C; (b) SnNa*C; (c) SnK*C
nanoclusters.

In an isolated system (such as a molecule), the energy levels are discrete; the concept
of "density of state (DOS)" is supposed to be completely valueless in this situation. Therefore,
the "original total DOS (TDOS)" of an isolated system can be written as [24] by the "Multiwfn"

[25,26] program.

Regarding ion transport by SnLi*C, SnNa*C, and SnK*C nanoclusters, TDOS has been

estimated (Figure 4a, b, c).
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Figure 4. PDOS/TDOS graphs of (a) SnLi*C; (b) SnNa*C; (c) SnK*C nanoclusters.
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SnLi*C, SnNa'C, SnK*C nanoclusters (Figure 4a,b,c) have shown the steepest
maximum TDOS surrounding —0.30, —0.40, —0.50, and —0.60 a.u. owing to the covalent bond
between Li*, Na*, K* cations and SnC nanostructure with a maximum density of state of ~ 12.

Fragment 1 has been defined for C9 to C12, Sil3, C24 to C27, Si28 and X31/X32
(X=Li", Na*, K¥) in Figure 4 (a,b,c). Fragment 2 has indicated the fluctuation of Sil, Si4 to Si6
beside the similar involved atoms of Fragment 1 in Figure 4 (a,b,c). Finally, it was considered
the fluctuation of Sil6, Sil19 to Si21, C17, C18, C22, C23, C29, C30 in Figure 4 (a,b,c).

3.3. Molecular electrostatic potential (ESP).

Trapping of Li*, Na*, and K" cations by SnC nanostructure (Figure 5a,b,c) towards
formation of SnLi*C, SnNa*C, and SnK*C nanoclusters might be described by molecular
electrostatic potential (ESP) [27,28] graphs using Multiwfn [25,26] (Figure 5a,b,c).
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Figure 5. The counter (right side) and shaded (left side) maps of ESP graphs for (a) SnLi*C; (b) SnNa*C;
(c) SnK*C nanoclusters.

SnLi*C (Figure 5a), SnNa*C (Figure 5b), SnK*C (Figure 5c) have illustrated the
electron delocalization through an isosurface map with labeling atoms of C10, C12, Sil13, C24,
C26, Si28, X31/X32 (X=Li*, Na*", K. In fact, the counter map of ESP can confirm that
SnLi*C, SnNa*C, and SnK*C nanoclusters may augment the efficiency of ion transport (Figure
5a,b,c).

Table 2. Stability energy (kcal/mol), LUMO (eV), HOMO (eV), and energy gap (AE) (eV) for SnLi*C, SnNa*C,
and SnK*C nanoclusters.

Heteroclusters | Esx10- (kcal/mol) | Enowmo (eV) ELumo (eV) AE=ELumo —Erowmo (eV)
SnLi*C -503.7086 -4.9308 -3.8369 1.0938
SnNa*C -494.4563 -4.8556 -3.8121 1.0434
SnK*C -529.2968 -4.5833 -3.8474 0.7359

The layered tin carbide improved by alkali metal ions of lithium (1+), sodium (1+), and
potassium (1+) has indicated the structural stability of Li*-, Na*-, and K*-ion heteroclusters
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through the reported stability energies in Table 2. The wavefunction level we used was CAM—
B3LYP-D3/6-311+G(d,p) that corresponds to HOMO and LUMO, respectively (Table 2).

Therefore, ELumo (a.u.), ELumo (a.u.), and the local bandgap energies (AE/a.u.) and
immobile charges induced by polarization discontinuity are simultaneously controlled
throughout the structures, and optimized band profiles are eventually achieved for SnLi*C,
SnNa*C, and SnK*C nanoclusters (Table 2). As can be seen in Table 2, SnLi*C exhibits the
largest energy gap (1.09 eV), implying higher stability; SnK*C shows the lowest gap (0.73 eV),
suggesting greater conductivity.

4. Conclusions

Functionalizing of Li*, Na*, K" cations can augment the negative atomic charge of C2,
C3, C7-C12, C14, C15, C17, C18, C22-C27, C29, C30 as electron acceptors in SnLi"C,
SnNa'C and SnK*C nanoclusters. SnLi*C, SnNa'C, SnK*C nanoclusters have shown the
steepest maximums TDOS surrounding —0.30, —0.40, —0.50, and —0.60 a.u. owing to the
covalent bond between Li*, Na*, K" cations and SnC nanostructure with a maximum density
of state of ~ 12. The layered tin carbide improved by alkali metal ions of lithium (1+), sodium
(1+), and potassium (1+) has indicated the structural stability of Li*-, Na*-, and K*-ion
heteroclusters through the reported stability energies. We presented that the ionic groups on
the side chain of the nanocluster with smaller steric space should provide higher ionic
conductivity due to their lower rotation energy barriers. This research article covers the state-
of-the-art synthetic strategies for preparing the materials, the basic structure, and a panorama
of different optimization strategies that lead to improved physicochemical properties.
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