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This paper presents results of computer modeling and quantum me-
chanical calculations of nanoscaled few-layer graphene (FLG) cells, con-
taining lithium. The results obtained show the essential improvement of
physical properties and mechanical dimension stability, in particular, the
stiffness of these nanostructures by so called bridge-like defects. It can be
supposed, that preliminary radiation modification of FLG nano-cells with
formation of such structural defects might become a key technology by
production Li-based energy sources and electrical batteries.

Key words: graphene, computer modeling, carbon nanostructures, de-
fects.

Makarapa AMTMIA GOALLEKTEPIMEH MHTEPKaASLMS >KYPri3iAreH a3
KabatTbl rpadeH HaHOOBOALIEKTEPiHIH KacMeTTepiH KOMIMbIOTEPAIK
MOAEAAEYI XXOHE KBAHTTbIK, MEXAHUKAAbIK, eCenTeyAepiHiH HaTuXKeAepi
YCbIHbIAFAH. JKyYMbIC HOTMXKeAepi 3epTTeAreH HaHOKYPbIAbIMAAPAbIH
(M3MKAABIK, CMMATTaMaAapbl MEH MEXaHMKAAbIK, OALIEMAI TypaKTblAbl-
FbIHbIH, aTan anTKaHAQ, KaTaHAbIFbIHbIH KernipTapi3aec aTTbl AecbekTirep
KOMEriMeH aMTapAbIKTai >KakcapraHAbIFbIH kepceTeAi.OcbiHAaM Kypbl-
AbIMABIK,  AedpekTinepai  TyFbiaTbiH  FLGHAHOKYPbIABIMBIHBIH - aAAbIH
aAa  paAMaAUMSAbIK,  MOAMMMKAUMACHI  AMTMIM  Heri3iHAe >KacaAfaH
SHEpPrus Ke3Aepi MeH SAeKTp OatapesinapbiH OHAIPY Ke3iHAeri KiATTiK
TEXHOAOIMSAAPbIHBIH, 6ipi GOAbIM TabbIAy MYMKIHAIM GOAYKAMAAAAAbI.

TyiiH ce3aep: rpadeH, KOMMbIOTEPAIK MOAEAAEY, KOMIPTEKTI
HaHOKYPbIAbIMAAP, AedeKTirep.

B crtatbe npeacTaBAeHbl pe3yAbTaTbl KOMMbIOTEPHOIO MOAEAMPOBA-
HUS M  KBAHTOBO MeEXaHWYEeCKMX pacyeToB CBOMCTB HaHOYaCTML,
MAAOCAOMHOro rpadeHa, WMHTEePKaAMPOBAHHOTO AUTMEM. Pe3yAbTaTtbl
paboTbl  MOKa3biBAlOT  CYLWECTBEHHOE  YAydlleHue  (hU3MUYECKMX
XapaKTEPUCTUK M MEXAHUYECKOM Pa3MePHOI CTaOMAbHOCTH, B YaCTHOCTM,
>KeCTKOCTU MCCAEAOBAHHbIX HAHOCTPYKTYP C MOMOLLIbIO, Tak Ha3blBaeMbIX,
MOCTUKOBbIX AepeKTOB. MO>KHO NMPEeANOAOXKUTb, UTO NpeABapUTEeAbHAs
paamaumonHas Moamdukaums FLG HaHosideek ¢ oOpasoBaHMeM Takmx
CTPYKTYPHbIX Ae(DEKTOB MOXKET CTaTb OAHOM M3 KAIOUYEBbIX TEXHOAOTMI
npu MpPOM3BOACTBE AUTUEBLIX MCTOYHMKOB BHEPIMU U DAEKTPUUECKMX
Gatapent.

KAtoueBble cAoBa: rpadpeH, KOMMbIOTEPHOE MOAEAMPOBaHME, YrAe-
POAHbIE HAHOCTPYKTYpPbl, AedeKTbl.
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STUDY OF DEFECTIVE Introduction
FEW-LAYER GRAPHENE _ . _ .
INTERCALATED WITH It is commonly known, that graphite microparticles are used

as materials for electrodes in lithium based power devices, mainly
due to their high reversibility, low weight and low operating
potential [1,2]. But there are some obstacles with the progress in
this field, in particular, using of relatively large graphite particles
increases time of lithium diffusion motion by intercalation and
de-intercalation processes that can significantly decrease the
effectiveness of operating power devices [3]. Recently nanoscaled
materials based on ultrathin graphite particles have found a use
in the technological field relating to production of lithium-ion
rechargeable batteries. Obviously, using of nanoscaled particles
also allows to increase the ratio lithium / graphite in storing cells
and make them more effective in technological and economy
sense. Seemingly, the physical situation can become much better
by using nanoscaled few-layer graphene (FLG). But it should be
noticed, that the nanoscaled Li — FLG systems are not studied as
extensive as graphite-based devices. Furthermore, one of the main
problem relates to dimension instability of carbon cells caused by
large possible deformation or even fracture of electrode materials
due to charge — discharge processes [1, 4-7]. This paper presents
results of computer simulation and density functional theory (DFT)
calculations of possible configurations of nanoscaled FLG cells,
containing lithium, with using local density approximation (LDA)
[8,9] and one of the fastest method of energy optimization [10]
within Dmol3. Furthermore, the effective way of modifying their
mechanical properties with producing so called bridge-like radiation
defects [11-14] is suggested. It can be supposed, that radiation
modification of FLG nanocells with formation of bridge-like defects
(BLD) might become a key technology for improving mechanical
and physicochemical properties of FLG particles as Li- storing cells.

LITHIUM

Simulations and calculations
In order to perform modeling more adequate to real nanocarbon

structures, all DFT calculations in this work were performed by us-
ing the energy optimization procedure [8-10]. At the first stage of
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simulations we considered possible stable configu-
rations of Li on ideal graphene and calculated their
energetic characteristics. Figure 1 illustrates model-
ing of Li atoms placed in three high symmetry posi-
tions on graphene surface.

Calculations performed for all of these
configurations gave values of the binding energies
of Li atoms on the graphene surface very low: —
nearly 0.1 eV. These results show that it is unlikely,
that Li can be accumulated on the external surface
of graphene or an FLG ideal structure. Therefore,
the next step of simulations was to study possible
configurations with Li linked to structural defects in
graphene (Figure 2).

©Li@

Figure 1 —The possible high-symmetrical positions of Li
atoms on graphene surface: h — over the center of a hexagon;
a- over a carbon atom; b — over the center of the C-C bond
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Figure 2 — The visual effect of Li atoms number on dimension of 2-layer graphene cell:
N, =:(a)2 (Li-Li=2.6 A); (b) 6 (Li-Li=2.5A); (¢) 12 (Li-Li=2.1 A)

All computational experiments here and
down were performed with two-layer graphene
cell involving 112 carbon atoms in every plane.
It should be noted, that by modeling the Li
motion processes near the edge and defect zone
we neglected of effects of possible passivation
of dangling C- bonds due to formation H-C or
OH-C bonds. It is known very well, that possible
decorating of C atoms with H is quite important
point in calculations of nanographene’s electronic
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properties. In this case the assumption has been
made, that in a real Li-battery environment there
were not the high concentration of hydrogen in
atomic state or OH radicals. Otherwise, it would be
a much more complex system with quite different
properties, too difficult for simulation. One can
suppose that this way to avoid calculating obstacles
could cause some limitations in final result, but it
is difficult to perform any computer simulation
without reasonable simplification.
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Figure 3 — The effect of BLD on perpendicular size of 2-layer
graphene cell with 8 lithium atoms
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One can see the obvious change of cells shape  two-layer cells with 8 lithium atoms nearly as that
(blister — like deformation), increasing with the  in pristine state. One can see, that the cell, which
level of lithiation. This effect was revealed after  has been modified by bridge-like defect shows very
using the energy optimization procedure. Figure 3 ~ small signs of deformation. Calculations of energetic
illustrates very essential effect of bridge-like defect  characteristics showed that Li atoms display no
on keeping the graphene —graphene distance of  signs of a fast chemical bonding with BLD.
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