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First-principles calculation of graphite intercalation compound with density functinal
theory

Masahiro Yamamoto'?, Hironori Imamura?
'Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University
Nishikyo-ku, Kyoto 615-8510
2Institute of Advanced Energy, Kyoto University, Uji, Kyoto 611-0011

First-principle calculations are the state-of-the-art theoretical method to explain the physico-chemical properties of
solid and solid surface and owing to the predictability of the theory it gives us the guideline for the material design.
In this article recent studies on the first-principles calculation of graphite intercalation compound are reviewd and our
first-principles calculations on Li intercalation compunds are also shown. The calculation are in good agreement with
the experimetal results reported. We also predict some results of the energy barrier for the intercaltion of Li to the

stepped ghaphite surface.
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Figure 1: The lattice and basis vector of graphene.
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Figure 2: Surface Brillouin zone of graphene.

0000000000000 0O0O0Eq.(5) 00

lelz — €nk le?z
=0 17
H2zlz H2222 — €nk ( )
ooooo
2¢px = Hip+ Hoo
++/(Hy1 + Ha)? — 4(Hyy Hag — HioHoy)
(18)

O000000 :000000Xu0® 000000000
oooooO TBOOOOoO0OOoOooaon

Vopr (ran)

~ 201
Vippr (TNNN)

(19)

00000000000 V(ray) 00000000000
O Ographene 000 13, =0000 Eq. (12) 00 Vppo



gobooobooobooobooobooooboooooboo
oooooobono Hy,Hi, OO

Hy = Y e™®n(012|H|mlz) ~ (012|H|012) = E.
= Hy (20)
enk = FE,+t+/ HiaHy (21)

O000Eq. (6)00000 k00000 Hyp, Hy OOOO
00000000000000000000000 kOO0
000000000

E, £ [1 + 2cos(27t/3)]Vppr (rNn)
[for ['(t = 0) — K(t = 1)]
enk = E.£+/b+4cos(mt)Vppr(rnn)

[for T'(t = 0) — M(t = 1)]

€nk

(22)

(23)
enk = FE. =+ {3+ 2[cos(2nt/3) + cos(m + 7t/3)
+cos(m — 7t /3)]} /2 Vppr (1)

[for M(t =0) — K(t = 1)] (24)

000000000rN00000 00000000 Fig. 3
O0O0OO0O0E, =0, Vppoe(ryw) = —29eVO00000

Figure 3: Image of the bonding 7 orbital at the zone center.

00000 Fig4d0OOOOOOOgraphene I LDA+GW O
OOgraphene 000 LDAOOD GWODODOOOOOOO
0000000000000 000 MiyakeOODOODODODO
09 0m000000000x0000KOOOOOOOO
0o0o0oooono TBOOODODOODDODOODOOODOOoOooOO
oooooooooooo ~r00O0OTBOOOCOOOO
000000000000 0LDA+GWOOOO KOODO
oo000ooOo0o0oOoooOoOoOoooogooooooo
ooooo

00000000 Ograhenene0 0 ABABOOOOOOO
oO0oOooooO0oO0oOooooOoooOoooooooOoo
az; =(0,0,c)0000000000O0cO0000DODOO0OO0
OO0000O0ObasisIODOOOOO0D0OODOOODO basidd A
0000D00BOOO 7 = (1/2)as, 71 = (2/3)a;1+(1/3)as+
(1/2 a3 00000000000 OD0OOOO (NCPP:Norm-
conserving Pseudo-Potentia) 00 00000000000
0000000000 FigsODODODODOODOODOOoOoooO
00000000000D0000 000000o0oong
OOFigd4d Do DDOODODOODOODOODOODODOODOOO
O»r-00000000000C0OKOOOOOOOOO
OO0OO0O0O0 basisty, /3 0000000000000Fig4O

0eVOODOODDODDODDODODODODODODODOOOOOOO
basis7h, 7y 00000 graphene 0100000000000
00000000000

000000 (0001) 0000000000000 (STM)
00000000000000D0000000000000
0000000000000 A(000 )0 STMOOO0
0000000000000 D000000ooO?)oo00
0D00000D0DOD KOODODODODODDODODODOODOODOO
0000000000000000000000002%2390
D00 pNODDOOOODODDOOOO AFMODOOOODOD
00 (0001)00000000000000D0000000
00o0OosSTMOO0O0000000000000D00000
0000000000000002%0 Fig6dOoOOO0Od

Energy (eV)

=
-1

=l
=I

Figure 4: electronic structure of graphene. solid line(TB
calculation), filled square(LDA-GW calculation),”) open
circle (experemental results)2?)

rvﬁ

Energy (V)
2
A
=

—
=
=
-
>
i
-

Figure 5: LDA calculation of graphite band
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lower figure is the energy change by the interplane lattice
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Figure 10: Zone-center optical phonon mode of graphite.
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Table 2: Calculation results for Li-GIC. E is the energy per cell and 1 Ry = 13.60569 eV. d is the Li-Li nearest neighbor
distance in the intercalant layer, ¢ is the stage length, and p = [ /¢ where [ is the distance of the graphite layers between

which there is no Li intercalant layer. 1 au = 0.529177 A

E [Ry] dau] clau] P a (in-plane C-C length)[au]
AA(Cy) -1.311 4.620 6.843 - 2.667
AB (Cy) -2.626 4.627 12.502 - 2.671
AB (exp.) 4.641 12.654 - 2.679
LiCy -1.4333  4.841 6.446 - 2.795
LiCy -2.7721 4717 6.637 - 2.723
LiCq -4.1002  8.173 6.697 - 2.724
LiCg (exp.) 8.133 7.003 - 2.711
LiCg -5.4115  9.339 6.676 - 2.696
LiCqo -8.0291  8.047  12.688  0.467 2.682
LiCy4 -10.6119  9.257  12.423  0.479 2.672
({; gbdobobobooooboboboboboboobooon

a4 Reference

Li' +e =Li

Li' +C,+ e = LiC,

Figure 15: schematic diagram of the electrochemical cell
to determine the open circuit voltage (OCV) of Li-GIC vs
Li/Lit.
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Figure 16: 3D plot of the energy barrier of Li transfer in
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Figure 20: Enegy barrier for Li intercalation to the stepped graphite surface(SSG). The arrow in the figure is the step-up
direction.
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Figure 18: Top view of the stepped C(S)-[2(001)-(211)] sur- , 11.5588, and 8.17731 au, respectively.

face. The thick line is the step edge line.
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