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ABSTRACT

In this work the concentration of Li/Li+ has applied for increasing the efficiency of Lithium ion batteries. Various nafitbleitsm

and lithium cations havkeen simulated as diffused atoms in graphite as anode materials. We have found the structure-BN[G// (f
/IG) can be to improve the voltage and electrical transport in anodic-$lasets LIBs. This system could also be assembled into free
standingelectrodes without any binder or current collector, which will lead to increased specific energy density for the oweyall ba
design. Therefore, the above modification of -BNsheet and designing of this kind structure provide strategies for imprdweng t
performance of material based anodes in LIBs.

Keywords: lithium ion battery; graphene doped electrode$BN sheet

1. INTRODUCTION

Lithium ion batteries (LIBs) are significant energy storg
devices based on electrochemical energy, widely used in a
storage system. With the discovery of highly reversible,
intercalation carbonaceous materials and -lmitage battery,
Sony realted the commercialization of xC6/Li CoO, cells in
1991 [1]. Although the electrolyte establishes high io
conductivity between two electrodes, the electrolytes are
responsible for the conduction of free electrons and so
electrons complete thiealf reaction will move through an exty
external wire. In discharging, the lithium ions are extracted fi
the anode and move back to the cathode.

Graphite is currently the most common material used
the anodes of commercial batteries because dafajmbility for
reversible lithium intercalation in the layered crystals (wh
represents the theoretical lithium storage capacity, around,
mAh/g as LiG) [2]. Although attempts have been made to fi
suitable replacements, currently only carbonacematerials
(natural graphite, carbon fiber and metal deposited carbon f
are used in commercial anodes and there are no theoretig
experimental reports from graphene doped anode cell intera]
in LIBs. The favorable electrochemical efficiency bfBs
regarding energy and power densities, as well as the progre
manufacturing and cell design, have made LIBs greatly succe
for devices electronics. LIBs basically consigif a positive
electrode, a negative electrode and a conducting elgetnohere
store electrical energy in the two electrodes in the form ef
intercalation compounds. Electrolyte, electrodes and separatd
the main components of the LIB where the anode playg
essential role in the efficiency of these devices.

Numerais experiments have been performed to confirm
application of graphene naisheets to increase lithium stora
capacity and to improve recharge cyclic efficiency6]3There are
a number of reviews on anode materialdP4 and many of thenj

gempirical and firsprincipal calculations have been used to
snraestigate lithium ion storage states between two graphene shee
L[6], as well as some heteroatauabstituted carbon materials [7].
Discharging and charging of Lions in graphitized carbon is well
established up to now [127].
nic Scaling down the particle size, while effective for
riotproving diffusivity in cathode materials, may not be an option
te carbonaceous anode materials, as the incressddce area
aleads to higher lithium consumption during SEI formation. Most
oreports on Liion diffusivity address improving measurement
techniques and not the diffusion mechanism itself. This may
faerive from the various phase mixtures, the staging phamme
of graphite, and the complexity caused by the SEI film
ch This work has investigated to find the suitable
Ihcentration of Li+/Li in replacement for carbonaceous materials
nénd illustrate a novel mechanism of the graphitede cell
interaction Scheme.lAs the efficiency of LIB including cycle
b&fg, power density and energy density is strongly influenced by
abmode materials, some of the certain characteristics to maximiz
cttbe battery performance have been considered in our model. The:s
items are includindast diffusivity of lithium ion, critical changes
sinithe crystal structure of anode material (during intercalatien
ssfukrcalation by Li ions), required low potential of anode materials
to supply a high cell voltage with the cathode and capability of
staing a significant amount of charge (coulomb) per unit mass is
Lnecessary.
rare Conducti on i n anodeods ma t
aantinuous phase transformations and the formation of the solid
electrolyte interphase (SEI) layer [18, 19]. In this work, to dfarif
ttbe mechanisms related to the properties and performance of Li
jeon batteriesthe exact investigation of the electronic state and the
diffusion process in the carbon and the SEI layer is still required.
The SEI layer displays much lower electronic ancdido

focus on bth carbon and inorganic materials. Furthermore s€

nmgonductivity compargto the bulk electrode. The diffusion process
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can vary widely from carbonaceous materials to-gaphitic
materials [2622]. Boron doped graphite has also been resear
as an option to enhance electrochemical efficiency223Using
the surfaces of graphene electrodes includisgNhdielectric in

L
L

top of each other. Interlayer distances are similar: 3.35 A for
hgphite [30] and 3.33 A for-BN. An ideal form of a anode
material should be composed of meadaped on graphene layers
including a dielectric material between these layers for increasing

anode materials, boron nitride doped graphite, and other kingistied capacitance value that can store and release charge quickly.

X-doped graphene (X=Be, Li) has been shown to increase
performance by this work scherhe

Charge

Current
Collecfor

Dise

Spinel

Electrolyte h-BN Sheets & Graphene

Scheme.1. OperatingLi-ion battery.

The bonding orbip of B-N is generallydominatedvia 2p
orbitals of N, while 2o orbitals of B contributebasicallyto the
antibonding orbial of p*. This indicatesa considerablecharge
transfer from B to N, around @4lectronsin contrast there is no
importantelectron transfer ithe C-C bonding thereforethe B-N
bonding isessentiallyionic; while GC bonding is covalent (This
also leads to the different electron band structure).

The sp*-hybridization related toB-N and GC bonds have
very similarbehaviorin mechanics, whil¢he largedifferences in
optics and electronics.

1.1. Li* diffusivity

Electronic properties of graphite aneBIN are radically
different from each other. It has been shown theoretically
calculatiors for the bandstructure of the graphitemonolayer and
h-BN [31, 32]. For a grapherayer, two bands cross each other
the Fermi energes Sa graphenehas asemimetalbehaviour In
contrast of graphene, foh-BN monolayer, similar bands do not|
cross each otherthereforea 4.% eV band gap formsn this
position Experimentally, bulk ¥BNs have been measured to hay
a band gap of 58eV [33-35]. H-BN Multilayershas awide band
gap insulator which might vail as a dielectric materiadmong
metatdoped graphene layerddoreover the plates which are
lattice matched to graphene allow one to attain sturdy and
accuracy nanoscale spacirmgmong a few paralleed metallic
graphene plates, which can be set to favorable values.

These graphenebased materials consist of felayer
stacked FBN nanocrystallites with large interlayer distances
the range of 0.33®.335 nm in the grapheneBN/graphene ag
anode.Both experimentalnd theoreticalapproache®f metallic
properties forgraphene werénvestigatedon understanding thg
dielectric behaviorof these structure® form thin layerswhich
can bestead as changiholder plates [34, 35 and 36]. Furthermo
they were exhibitedthat graphene can preserve current dens
six ordes of magnitude drger than copper.In graphite, the

dedls been theoretically [389] and experimentallghown that h

BN layers of any thickness can be grown on graphene layers and
is also possible to flourish perpendicular carbon on top of the
sheets [443]. In this study, charging and discharging ofidns

has investigated in-BN with the positive eletrode reaction as:
LiCoO2 £ Li (1-x) CoO2 + x Li+ + xand the negative
electrode reaction as: ¥B;+ x Li"+ X(QF x Li B3N3, while the
whole reaction is: LiCoO2 + x4Bl3 £ Li;,Co0O2+ x Li BNs(1).

It has been suggested that lithium atoms are dteia two
mechanisms: intercalation and alloying. Electrical conductivity
(Scm) of graphite, LiGIC under various conditions are 1.89
10* for graphite (parallel direction with respect to graphene layer),
2.45 10 for Li-GIC, 2.5 10, for graphite thinfilm (bulk
graphite), and 3.0 10" for tenlayers of thin films. The energy
stored is liberated when the plates are connected to a circuit, s
that the discharged electrodes shift into an equilibrium state. Sc
the Li" insertion in (BG//(hBN),//BG) occursin a large capacity
(mAh/g ) from Concentration of Li/Li+ towards the efficiency of
Lithium ion batteries. Although the materials used as electrode:
for Li storage should have binding strength with Li withan
certain range, binding to anode material nma{M) should be
weaker than on the cathode side. The matrix binding energy

fno be 1

(2) (It is linearly related to the average discharge voltage). 4n Li
ion batteries, the Li+ ions dve at the surface and are adsorbed on
matrix in eq.3 ! (Li@ LixM = [E (Lix M TE (M)}/X-TS (3).
Based on the determined most stable structures, we estimate tl
formation energy of system. T
each cluster at concentraticx i s defined as:
(O "®M-E (M)-m* (Li@ Liy M) (4). where' (Li@ Liy M is the
Rfiemical potential of Li under various conditions. The entropy of
the reference phase is estimated by counting the number c
atadsorption configuration at a given concentration. The ent®py
(per adsorbed Li atom) of the adsorbed phase is giverSify)
Yo 4), wherewis the Li: C
eratios ranging and is the Boltzmann constant. The lithiation
depends strongly on the chemical potential of Li atoms. The
cluster energy would be negative, and the formation ofusters
is strongly favored, if the chemical potential is chosen to be that o
higtemic Li. whereas the formation energy is positive (meaning tha
cluster formation is unlikely), if the chemical potential is chosen to
be that of Li in the bulk phase. We alsaclude the
configurationally entropy correction at an attenuate limit into the
inchemical potential of the reference phase. The interaction betwee
anode matrix and Li clusters is stronger than that of neutral
metallic bulk Li on matrix, which indicates ¢hstronger ionic
» bonding and charge transfer from Li to anode material. The Li
electrons should be localized inside the cluster during the
reformation of cluster, similar to bulk Li where each Li has zero net
ticharge. At intermediate cluster sizes, the ti#ins from the Li to
bulk behavior occurs.

e on

0 can det er mOnedOf=r &m

= U dEW

stacking is slightly different; hexagons are offset and do not lig
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In this work several lithium have applied as inserti
function for investigating of our modécheme 2) In the cluster
by two gt aomms vialciuum, the Li
the LiLi bond. However,when adsorbed on boron dopg
graphene, our calculations indicate that the Li electrons are m
transferred to graphene by filing up the upper Dirac cone
shown in. It can be suggested that thegisiionized and each L
carries +1 charge.

For Li3, a flat band appears below the Fermi level.
charge density distribution indicates that two electrons are sh
between the Li3 clusters. The remaining electron is transferrg

o0 $Q A @D 2 (5). In liquids, the temperature dependence of
ethle gif(f:ugorn (i)s rlmgch Iesas ith?n inusolidsa '\r|10'(:]e th?t Ja srgrj]ccessfu
EGﬁrst-principles calcula?ion has been made, due to insufficient
ain}derStanding of the liquid structure. Thus, a simple esa
gser ived from Stokebds drag | aw
as an alternative for a diffusivity expression in liquids (Eq. 3).
Thus diffusion can be the ratletermining process
compared to electronic conduction in an electrochemical reaction
a;éh& van der \&lals interaction, expressed as the Lerinkrdes
ldpt%tential, is relatively weak despite showing a longer interaction
range. In the case of the graphite anode;iarican easily diffuse

—
[

graphene. Therefore, on average, each Li carries +1/3 charge

Diffusion properties of Liion cell determine some of the ke
performance metrics of tion battery cells, including the charg
and discharge rate, practical capacity and cycling stability.
governing equation describing the diffusion process is know
Fi c hwas: |

M Ong 1) And — 186 () wherd
flux, molcr ? §'*, 0 is diffusivity of solute (i =1, 2), cfs *and
0 i s concentration of spec
proportionality factor D is the diffusivity or diffusion coefficien

— ).
For Li, (n=even) two electrons are localized inside f{

cluster, and thus each Li has +1/2 charge aedyagThe
adsorption and mechanism of electron density in anode matri

il s

asO

LiB3C3 is shown in, the Liatom to bulk LiB3C3 of large size!.

All the numbers are positive, indicating that the compoung
indeed stable. Although in the Li loses its @lectronto C,

producing ionic Li C bonding, the bonding energies are differgnt

O o ©° . Therefore, when
loaded with Li, the energy of Lboron doped graphene syste
drops due to the increase imet favorable Liboron doped
graphene bonding, until reaching the @B composition, where|
further Li loading 5 results in a strong repulsion betweeions

at neighboring hexagons.

Scheme 2. Li diffusion.

In condensed materials both liquids and solids, diffusio
governed by random jumps of atoms or ions, leading to pos
exchange with their neighbors. The kinetics of this proces
temperature dependent and follows an Arrhenius type relatior

< D
(@)

parallel rather than perpendicular to the graphene layers durin
eintercalation. Thus in order to understand the diffusion of the Li
Thoen it is important to consider crystal structure as well as the
séllérrounding potential
1.2. Densities energy in diffusion
The electron densites have been defined ag i

ionic
i B — (6). Where — indicates an

- i
i ogcgpatiq;l] pu&n?er Gb{ag%dé)r'pit@%ié ) is.l \./Ya%edupc:cionp L§ h e
tbaS|s set function and C is the coefficient matries of
orbital j respect to basis function Atomic unit for electron

=

BOp..i

density can be xlicitly written as
" /Bohe. n” i + + S
XK for _ + + ().

The positive andninesdataof thesefunctiors correspond
i {8 the electron densites are locally depleted and locally
concentrated respectively. The relationships betweén and
valence shell electron pair repulsion (VSEPR) model, chemical
bond type, electron localization and chemical reactivity have beer
Tbuilt by Bader [68]. We have calctéal the Density and energy of
lithium in diffusion model for 6 lithiom inside the,&BN electrods
of C,-BN// (h-BN) //C,-BN LIBTs (the carbon fractions are %14,
%18 and %27 for the three representative rereets denoted as
CosBN, Gy BN and G BN, respectively).
The kinetic energy density is not uniquely defined, since the
expected value of kinetic energy operator
< e -n

can be recovered by integrating kinetic
energy density from alternative definitions. Onetef commonly
-B—e¢’ i N (9) Relative to

used definitioris: Qi i

K(r)(66), local kinetic energes given as follow guarantee
positivizes; hencédts physical meaning is more commonly used.
The Lagrangian kinetic energy
positive definite kineti@nergesdensites

"Oi -B - ne -B — + + }
(10). K(r) andG(r) are directlydepended td.aplaciad electron
density-n " i "Oi 01 (6567)11)

Becke and Edgecombe noted that spherically averaged likespi
conditional pair probability has direct correlation with the Fermi
hole and then suggested electron localization function (ELF)

NIELF(r) = - (12) where D(r) =-B — ne
tion .
sHis—— —— (13) and (0] e N

ship . _ . . .
"1~ (14) for closeshell system, since” i "o ="
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, D and DO terms can be simplified as D(r}B — ne

n

— o

(15), 0 1T (16).

Savin et al. haveexplainedELF in viewpoint of kinetic
energes which causeseELF meaningful for KohfSham DFT
wavefunctiors. They indicated thatD(r) reveals the exces
kinetic energes densites caused by Pauli repulsion, whilg0(r)
can be considered as Thorteermi kineticenergesdensites
Localized orbital locator (LOL) is another function for locati

high localization regions likewise ELF, defined by Schmider ancyga1

Becke in the paper.

Local information entropy is a quantification
information, this theory was proposed by Shannon irstudy of
information transmission in noise channel, and nowadayg
applicatiors have beentightly widened to other areas, includir
theoreticalapproachesAs instanceAslangul and coworkersied
to decompose diatomic and triatomic molecules into nhiytu
exclusive spacthroughinterpretatiorinformation entrofes
Parret al. discussed the relationship between information entr,
and atom partition as well as molecular similarity .Noorizadeh
Shakerzadeh suggested using information entropy toy s
aromaticity The formula o
normalized and continuous probability function ¥

_0 w1 D o (19). For chemical system, R(x) is replaced

by—, then the integrand may be called local information entri
—1 — (20) Where, N is the total
number of electrons in current system.

—— (17), where i S (18), O i for

of electrons.3 O

00D
spinpolarizedsystem and closshell system are defined in th
same way as in ELF [73]. We have calculated the Hamiltol

lithium in diffusion model for 6 lithium inside the,BN electrods
of C,-BN// (h-BN) //C,-BN LIBTs (the carbon fractions are %14,
%18 and %27 for the three representative relreets denoted as
Co.xBN, Gy BN and G BN, respectively).

Table 1. The diffused lithium (N=1 to N=5)
2 LiCharge 3LiCharge 4LiCharge 5 LiCharge
Mullik |ESP fitMullik |ESP fitMullik [ESP fitMullik |[ESP fit
en en en en
-0.094 -0.142 -0.142 0.2210
-0.194 0.3337 0.3337 0.5006
-0.155 -0.155 -0.265 -0.265
-0.122 -0.122 -0.191 -0.191

5
1 Li Charge
Mullike [ESP fif]
n

1970234

0.0486|
-0.000
-0.007
0.0065

0.0299
0.0055|
0.0034]
0.0344

0.0597|
0.0146|
0.0085|
0.0332

0.0606|
0.0188|
0.0202
0.0708]

0.0846
0.0343
0.0199
0.0706

0.0002
hf 0.0002

its  The ESP evaluated under default value is accurate enoug
gin general cases. Reduced density gradient (RDG) RDGsymd

(I 2)*r are a pair of very important functions for revealing weak
o interaction region, [135] for detail. The basic applications are

exemplified in Sections 4.100.1 and 4.200.1. RDG is defined a¢
Yy AN —7“—7 (21) by defaultx is 0.05; it ca be nullify

and
tdpis treatment by setting the parameter to zero.

f Thegerpre g It fyeyigws onEBR, ipterested readers are §Ug98S|
to consult.

" h h

i B i Y Where” (22) is prefitted

Dapherically averaged electron density of atam. We have
calculated the local information entropy and electrostatic potential
of l'ithiums in di fENOsi elne cnordoe
A GBN/ (h-BN)/IC-BNO LI BTs. ( Tdamsearecléd, r b
18 and 27 at. % for the three representative 1&ueets denoted as
CoxBN, G+BN and G+BN, respectively. The representative
€atomic charges for molecules should be computed as averag

'8 lues over several molecular conformations33Q
of

kinetic energy and density Electron localization function

2. MATERIALS AND METHODS

Calculations were performed using GAMESS
packages. In this study, we hayarticularly concenteredon
getting the optimizeddata for each tube from DFTcalculation
including the m06 and m@b. Pm6, ExtendeeHuckel and
Pm3MM including pseudo=lanl2 calculations using Gauss
programhave done for the nelmonded interaction between tw
tubs. We employed density functional theory with the van
Waals density functival to model the exchangm®rrelation
energiesof BN s heet s.
orbitals (DZP) were used for x lithium over thd&N sheets.

The B3LYP and most other functional are correg
insufficient to illustrate the exchaegand correlation energy fg
distant norbonded mediunmange systems. Moreover, son
recent studies have shown that inaccuracy for the medinge
exchange energies leads to large systematic errors in the preg
of molecular properties[36- 39].

We further calculated the interaction energy betwee
lithium h-BN sheets. The interaction energy was calculated vi
Mp6 method in all items according to eq.23:

YO Qo © 0 © +0  (23) Where
th¥0of is the stability ener d

-basis set wdtlo polarizagion &

potential from nuclear/atomic charges, electron localization
function (ELF), localized orbital locator (LOL defined by Becke
& Tsirelson), total electrostatic potential (ESP) and the exchange
correlation density, correlation hole and correlation factor,
ighverage local ionization energy using Multifunctional Wave

ofunction anajzer .
2 l..

del Color Filled map for 10 Li
- 0.800

13.99

9.33

r0.700

tly 4.66 . . r
L 0.600
r I
ne 0.00 H0.500
Ict -+.6¢
h x 0 0.200
nal ° ° 0100
-13.99
0.000
-15.90  -10.60 -5.30 0.00 5.30 10.60 15.90
Length unit: Bohr
y den

(Both of Gradient norm & Laplacian)have been calculated, v
of orbital wavefunction, electron spin density, electrost

e

atic

UF'igure:’l.1f)e°nshti<'§js of lithium betweenBN and” grLa[;heLﬁe”
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In such a condition, variations of the innermost atofic

charges will not lead towards a significant change of the M
outside of the molecule, meaning that the accurate values fg
innermost atomic charges are not vadtermined by MESH
outside the molecule. This approach (CHELPG) is shown tq
considerably less dependent upon molecular orientation tha
original CHELP program. The results are compared to t
obtained by usin@HELP.

3. RESULTS
We have listed the data of density, energy, elect
localization function (ELF), localized orbital locator (LOL) af
local entropy, gap energy, chargeorfr ESP, electrostati
potential ionization energy, the charges of two Bkaphene
electrodes and the stability energy of several lithium inser|
(concentration of Li+ )(tables1,2) and these data have plottg
the figures (Figs-B).
. Hamiltonian
Kienetic Energy

Density K(r) for
10 Li

Kir) foe 10 LH

Lagrangian
Kinetic I'm-rg:\
Drensity Cir) for
1k L3

Figure 2. ELF and LOL of 10 cluster lithium with optimized dimension

between two layers of-BN and two electrodes of B doped graphene

We have calculated the gradient norm and the Laplaifig
electron density via Eq¢7, 8) for the lithium diffused in the|
batteies system respectively and the data are listed in t&blg
For calculation the electron spin density from the differe

h

Some of our previous work has been applied for improving

FSRr calculations [404]. The contour line map has drawn via

r Meltiwfn software [f5). The relief map has used to present the
height value at every point. If values are too large they will be
trencated in the graph, it can be chosen to scale the data with

n thetor to avoid truncation. The graph is shown on interactive

oseerface. Shaded surface mapnd shaded surface map with
projection are used in our representation of height value at eac
situation

rdretween alpha and beta density, we have Usdd i
d i then the spin polarization parameter function will be

" returned instead of spin densjtyi = .The dataof ,

tiglping from zero to unity corresponds to the lam@agoing from
duprpolarized case to completely polarized case &@habl
The kinetic enerigs densites Lagrangian, and the electrostatic
potential can be calculated as egs. (9), (10) and:i

B —— where RA andZA denote position vector and nuclear

charge of atom A, respectively and are listed in tab2s1

If electrons are completely localized, then they can be
distinguished from thenes outside. In which kinetic term Dq(r)
from eqgs. 1516 is replaced by Kirzhnits seceodder expansion,

that is-B — ne O i so that ELF is

totally independenbf wavefunction, and then can be used to
analyze electron density from-pay diffraction data.

Baderexplainedthat the large electron localization hawe
large amountof Fermi hole. ELF is within the range of [0, 1]. A
large ELF meansvhich electrons ardargly localized,due to a
covalent bondLOL s datdhave sameexpression compared to ELF.
Actually, LOL and ELF are generally qualitative comparable,
while Jacobsen poied out that LOL conveys more decisive and
obviouspicture than ELFSo LOL can be interpreted in kinetic
energy way as for ELFSmallor large LOL datausually appears
in boundaryor inner region of localized orbital§he value range
of LOL is identicdto ELF, namely [0, 1].

Shaded surface map with projection for LOL of 10 Li

Related to h-BN

intercalators of graphene.
sheet with 10 Li

Figure 3.electron density of Byraphene//(}BN),//B-graphene indicates a
negative plate and positive plate of B3C3 elat#

As lithium has an unpaired electron, leading to a difference
nin spinup and spirdown, when twdithium atoms are adsorbed
simultaneously electrons get paired and magnet momen
1disappears.

nce
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Electron density
for 8 Li+

L
5785 8.68 11576 Ill 17

Positien {Bohr)

Figure 4. Electron densities for all atoms ingtB;C; complexes.

As a result, spin polarized cluster has a gap which
depends on adsorbed electron spllapnatlon

L
LRI

o880 [
| LOL far 8 Li+
oan |

ELF for § Li+

Figure 5. LOL and ELF for the electron localization (ELF) for all atom|
in Lig-B3Cs complexes.

In this work we have calculated the local Informati
entropy for each lithium atom via eqs.-29 and the integrating
of this function ovemwhole space yields the information entrog
The data of local Information entropy are listed in Tablex
Weak interaction (eqs 2P1) hasa significant influence on
conformation of macromolecules,; however reproduction
electron density byb initio and grid data calculation of reduce
density gradient (RDG) for such huge systems are always
time-consuming.

TDOS

For 8 Li+

A

NN
\\” S
;

030
Baegp(an)

Figure 6. DOS for 10 Li/Li+ simulation of LIBTSs.

020 010 alo 020

By this work we have shown th€oncentration of Li/Li+
towards the efficiency of Lithiunon batteriesvhich demonstrate|
high electrical conductivity, good mechanical strength, excel
flexibility, great chemical stability and high specific surface are

This is especially noticeable when grapheise chemically
converted with a greater proportion of functional groups, proving
that it is suited for use as a base composite electrode material.

LOL of 2nd Li

T 186400 ¢

= r

5 176400 |

]

[ [

|~ E

S T 1.7E+00 -

EE A

23166000 | - Eaa_
£2

E 1.6E+00 == Liion

= F Li...

8 1.5E+00 ! !
-

1 2 3 4 5 6 7

Number of Lithium

g8 9 10

size

Figure 7. LOL versus concentration of Lithium numbers.

When used as electrode material-(f&BN),-G can
effectively reduce the size of the active material, prevent
agglomeration of nanoparticles, improve electrons and ions
transmi ssion capacity, as we
mechanical stability.

LUMO/HOMO gap vs numbers of
—®— Liien Lithjum

8

= Limetal - Alpha
arbitals
Li metal - beta

pilf-"\“/‘\/

Number of thhlum

(k¥/mol)

LUMO/HOMO gap

]

Figure 8. The LUMO and HOMO gap versus Li+/Li concentration.

As a result, @h-BN),-G -containing electrode materials
have high capacity and good rate performanceh-8N),-G
flexibility makes it an ideal
brvolume expansion ahcontraction during the chaiigelischarge
j process. Further, the excellent electrical properties-@i-BN),-
yG can enhance the conductivity of metal electrode material.
| Smaller particles mean the diffusion distance of lithium ions and
electrons is reduced t hi s i mproves t!
gferformance. Finally, the lithium storage capacity for most metal
doxide composite materials with -&-BN),-G can be useful
toeatly.

Table 2. The layers distance and ESP compare to Mullikan charges

S

layer Distance 1Li
(1) (m) Name Mulliken
5.015| 5.015E10 1-2 (GBN) -0.15331
4,94 | 4.940E10 2-4 (BN-BN) | -0.081232
5.015| 5.015E10 4-3 (BN-G) 0.000418
14.97| 1.497E09 | 1-3 (4 sheets) | -0.31538
a Li charge 1.315382
a system 1.000002
2 Li 2 Li 3Li 3Li
Mulliken ESPfit Mulliken ESP fit
0.099844 0.02439 0.191519( 0.045112
-0.071721 -0.028893 -0.211006| -0.018658
0.032465 0.030978 0.032508| 0.024675
-0.566943 0.07343 -0.753881 0.116217
2.566946 1.926572 3.75388| 2.883789
2.000003 2.000002 2.999999| 3.000006

ent
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4. CONCLUSIONS

In contrast to graphite, BMyersis transparent and is &
insulator. In BN layers boron atoms in one layer are loca
directly on top of nitrogen atoms in neighboring layers and
versa and the hexagons lie on top of each otherour previous
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