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Using density functional theory calculations, we determine the band structure and DOS of graphene and silicene supercell 

models. We also study adsorption mechanism of Li metal atom and Li-ion onto free-standing silicene (buckled, θ=101.7˚) 

and compare the results with those of graphene. In contrast to graphene, interactions between Li metal atoms and Li-ions 

with silicene surface are quite strong due to its highly reactive buckled hexagonal structure. As a consequence of structural 

properties adsorption height, most stable adsorption site and energy barrier against Li diffusion are also discussed here to 

outline the prospects of using silicene in electronic devices such as Li ion batteries (LiBs),  hydrogen storage and molecular 

machines. However, in most LiBs graphene layers are used as anode electrode. Here, it is shown that graphene has very 

limited Li storage capacity and low surface area than the silicene. As our models are in good agreement with previous 

predictions, this finding presents, a possible avenue for creating better anode material that can replace with graphene for 

higher capacity and better cycling performance of LiBs. 

1 Introduction  

Lithium (Li), the lightest metal (equivalent weight=6.94 gmol-1, 

density= 0.53 gcm-3), is an ideal material for most consumer 

electronics. Lithium ions are slightly lower in energy density than 

lithium metals.1 Because of the inherent instability of Lithium metal, 

especially during charging, Lithium-ion batteries are the choice in 

most rechargeable batteries. 

Rechargeable lithium-ion batteries operate on the principle of 

storing and releasing lithium ions. When a battery is charging, ions 

move through an electrolyte from the cathode to the anode. 

Lithium ions insert themselves in the anode material by increasing 

the anode lithium storage capacity of the battery. 

Graphite is the commercial anode material widely used for Li 

batteries because of its high efficiency and better cycle 

performance.2 Therefore, the anode used in most Li-ion batteries is 

based on graphite carbon, which stores up to one Li ion for every six 

carbon atom between its graphene layers.3 Due to the limited 

capacity of graphite, the energy density of Li-ion battery cannot 

satisfy the requirements of portable electronic devices. Traditional 

intercalation graphite base anodes show low Li storage capacity 

(<372 mAhg-1, LiC6) due to limited Li ion storage sites within the 

hexagonal carbon structure.3,4 Therefore, it is necessary to search 

new anode materials with high-rate capabilities and good 

performances. It has been shown that the capacity of current 

battery anodes can be theoretically increased by replacing carbon 

materials with new anode materials such as silicone.5-8 Si-based 

anodes exhibits a theoretical capacity of ~4200 mAhg-1 which is 

more than 10 times that of graphite anode ~370 mAhg-1. 9,10 

Up to now, the different adsorption mechanism of atoms and 

molecules onto graphene surface and doping effect on the 

adsorption capacity of graphene is frequently investigated11-12. 

Some experimental results have shown that graphene, a single 

atomic-layer thickness of graphite, can adsorb higher amounts of Li 

(e.g. specific capacity of ~540 mAhg-1) than graphite 
13-15. Actually, 

besides graphene and its allotropes15-16, doped graphene sheets 17-

19 and more complex multi-component graphene base materials19-21 

have also been explored as efficient anode materials with large 

capacity and high rate for lithium batteries. 

Silicene, the silicon analogue of graphene, being of atomic 

thickness could serve as high-capacity host of Li in both cases of Li 

metal-based or Li-ion rechargeable batteries. The aim of this work is 

to study the essential differences between adsorption energy of Li 

atom and Li ion onto silicene and graphene surfaces. We focus on 

the interaction between a Li metal (or a Li-ion) and silicene surface 

in more details and compare our results with those of for graphene, 

which to the best of our knowledge has not been studied so far. We 

show that how the presence of silicene changes substantially 

lithium adsorption properties and consequently the capacity of 

current in the Li battery anodes. Improvements in anode materials 

have the potential of increasing the energy density. Therefore, the 

predictions in the present paper are important for Si-based anodes 

researches and provide physical insights about adsorption energy of 

Lithium in the rechargeable batteries. 
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This paper is organized as follows: In Sec. 2, we outline the 

computational method that we use. The results are presented in 

Sec. 3 and the related discussions follow afterward. Finally, we 

summarize our results and present our conclusion in Sec. 4. 

2 Computational Methods 

All our density functional theory (DFT) calculations were carried out 

within the generalized gradient approximations (GGA) for 

exchange-correlation energy term, as implemented in the 

Quantum-ESPRESSO package.22 The double numerical plus 

polarization (DNP) basis set and PBE functional23 were adopted. 

Because of the weak interactions are not well described by the 

standard PBE functional, we adopted a PBE-D (D stands for 

dispersion) approach with the Grimme vdW correction. This 

approach is a hybrid semi empirical solution that introduces 

damped atom-pairwise dispersion correction of form C6R-6 in the 

DFT formalism. The accuracy of the DNP basis set is comparable to 

that of People's 6-31G** basis set. The Brillouin zone (BZ) of the 

silicene supercell was sampled in k-space within Monkhorst-Pack 

scheme24, where the convergence of total energy with respect to 

the number of k-points in BZ is carefully tested. Monkhorst-Pack 

Method is applied for the calculation of sums in Irreducible Brillouin 

Zone (IBZ). The structure optimization was symmetry unrestricted 

and was carried out using conjugate-gradient algorithm. The 

convergence criterion of self-consistent calculations for energy is 

chosen as 10-5eV between two consecutive steps. For the 

adsorption of the Li and Li+ onto silicene surface, we use non-spin-

polarized calculations. In all of the calculations, periodic boundary 

conditions are used within the supercell geometry, and the vacuum 

spacing between silicene layers in adjacent supercells is taken as 

20Å. For partial occupancies the Gaussian smearing method is used. 

For the most stable lithiation patterns, the adsorption energy of 

lithium metal and lithium ion on the silicene surface was calculated 

using the following equation: 

             Ead=( ESi +nELi -ESi+Li)/n                                       (1)             

Where ESi+Li and ESi are the total energies of silicene surface with 

and without Li adatoms, respectively, ELi is the energy of atomic 

lithium or ionic lithium calculated with spin polarization, and n is 

the number of adsorbed Li atoms. 

3 Results and discussion 

To check our suggestion that silicene can replace with the graphene 

anode in Li batteries, we not only pay attention to the adsorption 

behavior of the lithium atoms onto silicene and graphene surface, 

but also look at the lithium storage capacity of these materials. 

Then, we calculated the energy barriers of silicene against Li/Li+ 

adsorption. At the end, we turn to test the lowest energy 

configurations obtained from these relaxations for checking the 

stability of Li covered silicene using DFT simulations. 

 

3.1 The structure of the pristine silicene and graphene surface: 

To illustrate the changes in the band topology of anode materials 

with and without Li adsorption, we simulate the relaxed structure 

of 2D silicene sheet (buckled, θ=101.7˚), depicted in Figure 1 (b) 

which matches in the size with the graphene cell (Figure 1). As can 

see in Figures 2(a, b) the band structure of standalone silicene has 

first conduction band below the Fermi level, and therefore the DOS 

at this energy has a finite value, indicating that silicene is a 

semimetallic with 0.036eV band-gap. It has been predicted that the 

monolayer silicene and graphene have lattice parameters and bond 

lengths, which are in good agreement with experimental 

observation.25-31 

Silicene band gap is predicted to be zero like that observed in 

the graphene surface.32-33 In our calculations the usage of PBE 

approach leads to an underestimated band gap of 0.036eV.34 We 

can note that our calculations of the band dispersions for 

monolayer silicene only exist for freestanding ones. Despite the 

experimental realizations of monolayer silicene grown on different 

substrates,35-39 (e.g. having an energy band gap of 0.210 eV36) to 

date there has been no reports on existence of monolayer silicene 

in the free standing form which makes direct comparison of our 

band gap with experimental results somewhat risky. 

3.2 Comparison between lithium adsorption over silicene and 

graphene 

First, we have systemically studied the adsorption behavior of a Li 

metal atom on single-layer silicene (Li1Si24). Our results with a 

(11.69�13.32�20.00) supercell of silicene sheet are consistent with 

DFT calculations. Using larger supercells reduced the boundary 

effects and allowed for more degrees of freedom when exploring 

adsorption patterns, but has significantly increased computation 

time. Next, we investigate the adsorption of Li ion onto silicene 

sheet. At the end, we calculated the energy barrier against Li 

adsorption. 

 
Figure 1. Top view and side view of atomic configuration of (a) graphene and (b) 

silicene optimized supercell. The blue balls represent C atoms and gold balls represent 

Si atoms. The buckling height of silicene at this configuration is Δ=0.448Å. The values of 

angle between neighboring atoms and the direction normal to the surface of silicene, 

θ=101.7˚ calculated using GGA. 

Page 2 of 8Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t



Physical Chemistry Chemical Physics  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2015, 00, 1-8 | 3 

 

 

 
Figure 2. The corresponding density of state (DOS) and energy band structure of (a,b) 

silicene and (c,d) graphene in (4�4�2) supercells. Fermi level is set to zero. DOS is 

broadened by Gaussian smearing with 0.14 eV.

 3.2.1 The structure and stability of a single Li atom decorated 

silicene 

The energy calculation is done by calculating the adsorption energy 

of system. A monkhorst pack mesh of (4�4�2) special points is 

used for integration in reciprocal space. We began with one Li metal 

adsorption onto the silicene cell. 

There are many possible sites for a Li-metal atom to occupy. 

Four non-equivalent adsorption sites (Figure 3) are investigated: the 

hollow site is right above the centre of a silicone hexagonal ring; the 

top site is above the higher Si atom; the valley site is above the 

lower Si atom; and the bridge site is above the middle of the Si-Si 

bond. The configurations tested include but are not limited to those 

shown in Figure 3. 

Optimizations show that the Li atom adsorbed at the hollow site 

has highest energy with Ead= 3.09 eV, while adsorption energy 

between Li atoms and silicene surface in two other configurations 

(T and V) lead to slightly weaker results with Ead=2.89eV. 

 

When Li atom located at the bridge (B) site, it seems that under 

the adsorption process the Li atom is mobile and quickly moves on 

the silicene surface and preferably lies on the hollow sites. 

Therefore, a single Li atom prefers to be located at the H site of 

benzene ring rather than the other sites, which is in good 

agreement with the previous DFT calculations for preferable 

adsorption site on the silicene surface.40 

 

Figure 3. Preferable adsorption sites, valley, top, bridge and hollow on a silicene lattice. 

Here we do not consider all configurations and focus on the most stable adsorption 

energy. The dashed line denotes the equilibrium adsorption sites.
  

It is interesting to note that Li adsorption has little effect on the 

valence band edge and it changes the conduction band edge too. 

The energy gap for adsorption to H site is calculated to be 0.067 eV. 

The adsorption energies of Li atoms which are interacting with 

silicene depend on the distance between Li and surface. When the 

distance between Li atom and silicene surface is enlarged to be 

1.68Å, adsorption energy of Li atom on H site is 3.09 eV. 

 Our calculations show that the adsorption of Li atom on silicene 

is strong and it is able to open a direct band gap at the Dirac point 

in silicene, ranging from 0.044 to 0.067eV in different adsorption 

sites. This band gap is mainly induced by the sublattice symmetry 

breaking mechanism. The Li adsorption leads to a charge transfer 

from Li to Si atoms due to a large difference in electronegativity 

between Li and Si atoms which build a perpendicular electric field in 

silicene. 

It has been established that this perpendicular electric field 

breaks the sublattice symmetry and thus opens a band gap in 

silicene. The asymmetry between two sublattices increases with the 

increasing coverage and the band gap is correspondingly increased. 

As shown in Figures 4(c) and (d), the Li adsorption onto silicene 

enhances the electrical conductivity of silicene by modifying DOS 

peaks around Fermi energy and appearing additional peaks in DOS 

spectrum. The DOS of Li-silicene system near Ef have distinct 

change, so the conductivity change is observable. 

By comparing Figures 2(d) and 4(d), one finds that for the Li-

silicene, the number of the π*-like bands crossing the Fermi level is 

greater by 1 than that for the silicene system, due to the increase of 

adsorbing. The bands near the Fermi level are mainly π*-like bands 

derived from Si atoms, but the inner-sublayer and outer-sublayer Si 

atoms have slightly different contributions to the DOS. The Li-

derived s-band is a wide band and its DOS below EF is very low, 

indicating that electron occupation of this band is small. 

 

 
Figure 4. A single Li atom adsorbed onto the silicene supercell with (4�4�2) special 

points, simulated in hexagonal box with dimensions 12� 13 �20. (a) Top and (b) side 

view of the atomic configurations of the Li-atom adsorbed at the H-site of silicene 

above centre of hexagonal ring. Gold and orchid balls represent Si and Li atoms, 
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respectively. (c) DOS spectrum of silicene doped with Li atom. The Fermi level is set to 

zero for the system including silicene. (d) Band structure of silicene doped with Li atom 

on top of the hollow site. 

An analysis of the Mulliken atomic charges shows that the Mulliken 

charge transfer from Li to the silicene is about 0.25electron for the 

H site. Our calculation indicates that the electrons of Li atoms are 

transferred into the inner-sublayer Si atoms rather than the outer-

sublayer ones. Since the Li ions are positively charged and inner-

sublayer Si atoms are negatively charged, the strong ionic bonding 

takes the place of weak vdW force in the silicene surface. The 

Mulliken charge calculation and adsorption energy between Li atom 

and silicene further indicate that the system of Li-silicene is a 

chemical adsorption. 

For the Li-graphene systems the energy gap is closed and the 

Fermi level moves up into the conduction bands due to the increase 

of electron density, indicating that the Li adsorption makes 

graphene metallic. As shown in the Figure 5, after Li adsorption 

onto graphene surface DOS of graphene near Fermi level is 

increased, comparing with that of pristine graphene. When Li is 

adsorbed on the graphene, 0.46e charge transferred from Li to 

graphene results in the upshift of Fermi level. However, part of the 

charge still remains in the 2s orbital of Li. Silicene has larger 

dispersion in the K-M direction than that of the graphene. This 

means that is hard for electrons and holes to be transported across 

graphene layers, indicating the conductivity across silicene layers is 

more than that of the graphene layers. It is seen that our 

theoretical results for graphene are in good agreement with the 

experimental results.41-44 Full of our theoretical results of 

adsorption onto graphene surface are not given in this paper for 

brevity. 

 

 
Figure 5. A single Li atom adsorbed onto the graphene supercell. (a) Top and (b) side 

view of the atomic configurations of the Li-atom adsorbed at the H-site of graphene 

above centre of hexagonal ring. Blue and orchid balls represent C and Li atoms, 

respectively. (c) DOS spectrum of graphene doped with Li atom. The Fermi level is set 

to zero for the system including graphene. (d) Band structure of graphene doped with 

Li atom on top of the hollow site.
 

 3.2.2 The structure and stability of a single Li-ion decorated 

silicene 

In this section, we introduce a lithium-ion adsorption onto the 

silicene surface. We have considered four different initial 

configurations although only introduced Li ion on top hollow sites 

of the benzene rings based on our finding by the same methods as 

discussed above. It was observed that during the adsorption 

process, Li+ ions adsorbed in the centre of their closest benzene 

ring. 

As can be seen from Figure 6, the effect of the considerably lower 

electronegativity and larger atomic radius of Li atom is observable 

in the calculated adsorption energy of Li+ onto the surface in 

comparison to that of the Li atom. At the same distance from the 

silicene surface, the Li-metal ion adsorption energy (2.31eV) is 

smaller than the corresponding adsorption energy of Li-atom 

(3.09eV). So, there is a meaningful relationship between adsorption 

energy and Li charge. The more positive charge of Li+ causes more 

tendency of Li ion to draw bonding electrons to itself. So the 

released energy of Li ion on the silicene surface is less than the 

released energy of Li atom on it. 

3.2.3 The energy barrier against a Lithium atom/ion adsorption 

onto silicene  

It is known that the rate performance of the electrode material is 

determined by the electrical conductivity and lithium diffusion 

characters. Understanding the diffusion of Li on materials is 

important because the charging times as well as the power density 

of a battery are related to the ability of Li atom/ion to migrate 

efficiently through electrolyte and electrodes. Thus the diffusion of 

lithium adatom on silicene surface is examined in our calculations. 

 

Figure 6. A single Li-ion adsorbed onto a supercell of silicene. (a) Top and (b) side view 

of the atomic configurations of the Li-ion adsorbed at the H-site of silicene above 

centre of hexagonal ring.(c) DOS spectrum of silicene doped with li. Gold and light 

orchid balls represent Si and Li atoms, respectively. 
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Due to the sensitivity of the adsorption energy to distance, varying 

the vertical distance between Li and silicene surface enables us to 

calculate the energy barrier of silicene. These barriers are 

calculated as the difference in energy for the maximum and 

minimum stable states in the hollow points along the diffusion path 

(Figure 7). 

Optimized Li positions for these points are calculated by 

varying the Li atom distance to the silicene plane. It can be seen 

that with elongating (or shortening) of the vertical distances, the 

magnitude of total energy changes non-linearly with z. The 

minimum energy barrier to the migration of Li and Li+ in this 

pathway revealed from the calculated energy landscape in Figure 7 

to be 1.70 and 1.75 eV. These values are numerically smaller than 

the barrier in the case of the graphene sheet (7.40 -10.12 eV45-46) 

and for graphenylene (which is reported about 9.24 eV47) due to the 

buckling of silicene. So silicene as an active material for storing Li 

shows higher performance than those of many reported for 

graphene-base anodes. Our energy barrier of a lithium atom 

through hexagonal ring for silicene is also smaller than the energy 

barrier for entry of Li atom from outside the tube 8.75-13.5 eV45-48. 

The energy barrier of Li atom adsorption onto silicene is higher by 

about 0.05 eV than that of Li ion. The major difference is the 

decreasing number of electrons as you go from Li to Li+. That causes 

greater attraction between Li and silicene surface. This confirms 

that Li atom is more favorable than the case of Li ion to adsorb onto 

silicene surface which is in good agreement with the more 

tendencies of Li ion to draw bonding electrons towards itself rather 

than the Li atom. Diffusion of a Li ion from one side to another one 

can occur via a hollow site by overcoming the energy barrier of 

~1.75 eV. Hence, Li adatom can mobile between multilayer silicene 

in the lithium ion batteries. In an ideal situation, these results would 

imply that Li atom-silicene presents a faster discharge profile, and 

therefore a higher power density of the Li battery. 

In the past works, theoretical study of the Li adsorption on 

carbonaceous materials in different paths presented.44 The 

different calculated paths present different barrier profiles.49 It 

appears that the most likely migration path on graphene surface is 

between subsequent hollow sites passing through the nearest 

valley site.49 It features a zigzag path way. 

 
Figure 7. Energy variation of the Li/Li+ while it penetrates from upper side to the lower 

side of silicene. Zero in the x-axis indicates the position of silicene layer. 

The calculated diffusion barrier for this path of a lithium 

adatom on the silicene surface is 0.14 eV which is lower than the 

lithium diffusion from a hollow site to a nearest neighboring one on 

perfect graphene (0.17 eV for same diffusion barrier). So the 

diffusion barrier for lithium migration on silicene decreases by 

about 0.3eV. This suggests that the rate performance can be better 

for silicene comparing to that of graphene for Li ion Storage. Our 

lithium diffusion barrier on silicene is also lower than the lithium 

diffusion barrier on the black phosphorus (0.16eV for diffusion 

barrier).50 

3.2.4 The structure and stability of a single Li-ion between bilayer 

silicene and graphene 

There have been several reports on the different morphologies 

of bilayer silicene.51-52 In particular, a stable packing mode named 

AB morphology (Figure 8(a)) , in which silicon atoms in the upper 

layer are directly upon the top of centre of hollow sites of lower 

atoms. The cell parameters together with all atomic coordinates, 

were optimized for given configurations at both the presence and 

absence of Li. In the following, we optimized the geometry of 

structures that consist of two silicene layers stacked together in AB 

arrangement. We used this configuration to study the interaction of 

Li atom (ion) with the bilayer silicene. As can see in Figure 8, Li-

bilayer silicene is a semimetal with a significant direct energy gap of 

0.067eV. Linear dispersion bands at Dirac cone of bilayer silicene 

after Li adsorption become parabola-like. The intercalation of Li 

atoms expands the interlayer distance between silicene layers from 

2.53 Å to 3.22 Å. The calculated adsorption energy between Li atom 

and bilayer silicene Ead=2.50eV is lower than that of the monolayer 

silicene (3.09eV). So in the next section we consider adsorption 

onto one layer to judge about monolayers.  Mulliken charge 

transfer from Li ion to the bilayer silicene is ~0.46electron and that 

for monolayer silicene is calculated ~0.35electron. 

Figure. 8. Top (upper) and Side (bottom) views of geometric structure of Li between 

silicene surfaces (a). DOS spectrum and band structure of Li atom (b) and Li ion (c) onto 

bilayer silicene.
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Similar to electronic properties of bilayer silicene, in the AB 

stacking bilayer graphene case is shown in Figure 9. The separation 

distance between the graphene layers in bilayer graphene is 

3.748Å, larger than that of graphite (3.34 Å)53-54 and agree well with 

previous experimental result (~3.75Å).55 Li adsorption causes an 

expansion in interlayer distance of graphene layer over a range up 

to 0.15 Å. In the lowest energy state, Li located close to a H site 

with 1.71Å adsorption height and 2.19 Å far from T site of other 

graphene surface. 

3.3 The structure and stability of Li-covered silicene supercell 

The higher number of adsorbed Li on the silicene surface results in 

higher charge distributed on the surface. If a cluster has a larger Li 

charge, its sandwich structure will also have a larger Li charged. This 

suggestion could be used to avoid time consuming calculations 

which conclude the optimization for larger sandwich shape cases. 

So, we can consider single layers to judge about its sandwich 

structure charge storage capacity relative to another one. 

We select Li-covered silicene as a representative for this 

purpose and show its electronic structure in Figure 10. In the 50.0% 

coverage, it was observed that during the absorption process, all Li 

atoms are adsorbed in the centre of their closest benzene ring, at 

the same distance from the silicene surface (1.73 Å). The distance of 

all lithium atoms from the silicene surface are equal with an 

accuracy of 10-2Å. Adsorption energy Li atom on silicene surface is 

2.38 eV per Li. The Li-covered silicene does not undergo the 

deformation and the adsorbed Li atom remains at its stable state 

and does not diffuse to other site on silicene. Adsorption modifies 

the DOS around the Fermi energy and additional peaks appear in 

DOS spectrum. From the total DOS shown in Figure 10(c), one can 

see that the DOS at the Fermi level increases with adsorbing. 

 

 

Figure 9. Top (upper) and Side (bottom) views of geometric structure of Li between 

graphene surfaces (a). DOS spectrum and band structure of Li atom (b) and Li ion (c) 

onto bilayer graphene 

 
Figure 10. Silicene supercell with 50% Li coverage. (a) Top and b) side view of the 

atomic configurations of the Li atoms adsorbed at the H-sites of silicene above center 

of hexagonal rings. (c) DOS spectrum of silicene doped with 50% Li coverage. Gold and 

light orchid balls represent Si and Li atoms, respectively.
 

The investigated Li-covered silicene is not intrinsic semimetal, since 

its band gap is below the Fermi level. As shown in Figure 10. In the 

Li-covered silicene band structure a band gap of about 0.23eV 

opened between the π and π*band at the Dirac point due to the 

more Li adsorbing. The band structure exhibits a Dirac point roughly 

0.67eV below EF. 

We have repeated our calculations by use of the same graphene 

cell which has 50% Li atoms on its surface. When 50% Li atoms are 

located onto the graphene, it will bend. More calculations show 

that the graphene under investigation has limited Li storage 

capacity and low surface area than the same silicene surface. Figure 

11, where 18 and 10% Li adsorption ratios structures are taken as 

examples, shows that in comparison to silicene cell in the same 

condition this structure store Li charge about 90% less and the 

distortion of graphene structure is not negligible.  

 

 

Figure 11. Schematics of partial Lithium adsorption configurations for 50%(a), 18%(b) 

and 10 % (c) adsorption ratios an 48-carbon-atom supercell. Upper panels show top 

views and bottom ones show side view of the structures.
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According to above results, this capability gives silicene a 

greater theoretically capacity of simple storage and good 

performance than the graphene anode. Using the silicene anode 

shorts the charge time of batteries and achieve higher-energy 

density by store more number of adsorbed Li in the same silicene 

surface than the graphene anode. So, it seems a good suggestion to 

use silicene layer for adsorb a higher number of Li atoms and 

improve the performance of Li-batteries. 

4 Conclusions 

The preferred sites for adsorption onto silicene and graphene 

surface were explored by testing various lithiation 

configurations on these two supercell models. Li adsorption 

modifies the DOS around the Fermi energy and additional 

peaks appear in DOS spectrum. Adsorption turns silicene into a 

narrow gap semiconductor. We also predict the maximum 

energy barrier for the migration of Li/Li+ adatom on silicene 

sides is only 1.70/1.75 eV. Low energy barrier implies that Li 

adatoms can easily penetrate into bilayer or multilayer 

silicene. Because of more charge storage capability and better 

energy density of silicene than the graphene surface, using the 

silicene as anode material has the potential of increasing the 

performance of LiBs. Silicene could serve as high-capacity host 

of Li in LiBs. Lithium adsorption onto silicene is still not 

understood fully because of the lake of reliable experimental 

methods to make free standing silicene so far. This makes the 

theoretical evaluation of Li adsorption important and it will be 

interesting to compare our results with future experiments. 

Since our models are in good agreement with previous 

predictions, this study proposes to create better anode 

material for LiBs one can use silicene as anode with higher li+ 

storage capacity than the graphene. 
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