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Figure 1. Electron transfer between Li, cathode and Li(+)
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Figure 2(Continued). The calculated carbon skeletons in a search of specific structures
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Table 1. HOMO-LUMO energy of various kinds of carbon skeleton models (unit : a.u.)

Compound Tota C LUMO HOMO | Compound Tota C LUMO HOMO
Li -0.146  -0.196 | Li -0.146  -0.196
Benzene 6 -0.139  -0.290 | Phenanthro[1,10,9,8-opgra]perylene 28 -0.095  -0.290
Naphthalene 10 -0.049  -0.317 | Benzo[pgr]naphtho[8,1,2-bcd]perylene 28 -0.154  -0.224
Phenanthrene 14 -0.043  -0.318 | Dibenzo[bc, kiJcoronene 30 -0.107  -0.248
Anthracene 14 -0.066  -0.336 | Ovaene 32 -0.092 -0.322
Pyrene 16 -0.082 -0.188 | Tetrabenzo[bc, €f, ki, no]coronene 36 -0.171 -0.233
Triphenylene 18 -0.052  -0.317 | Dicoronene 44 -0.106  -0.292
Benz[a]anthracene 18 -0.075  -0.327 | Tetrabenz[bc, ef, mn, pg]ovaene 44 -0.111  -0.254
Chrysene 18 -0.056  -0.303 | Tetrapyrene 48 -0.199  -0.273
Naphthacene 18 -0.104  -0.323 | Circumcoronene 54 -0.110 -0.318
Perylene 20 -0.087  -0.273 | TBC2 54 -0.147  -0.202
Benzo[a]pyrene 20 -0.109  -0.224 | Tricoronene 61 -0.157  -0.268
Benzo[€]pyrene 20 -0.145 -0.225 | TBC3 72 -0.160 -0.230
Benzo[b]chrysene 22 -0.073  -0.323 | Tetracoronene 78 -0.188  -0.233
Picene 22 -0.058 -0.303 | TBC4 90 -0.177  -0.210
Dibenz[a, h]anthracene 22 -0.083 -0.322 | Pentacoronene 95 -0.160 -0.267
Benzo[b]triphenylene 22 -0.080 -0.317 | Circumcircumcoronene 96 -0.195  -0.256
Dibenz[a, j]anthracene 22 -0.084 -0.315 | TBC5 108 -0.178  -0.201
Benzo[a] naphthacene 22 -0.102  -0.321 | Hexacoronene 112 -0.111  -0.273
Benzo[c]chrysene 22 -0.084  -0.302 | Heptacoronene 126 -0.114  -0.278
Benzo[g]chrysene 22 -0.082 -0.299 | TBC6 126 -0.177  -0.195
Naphth[1,2-a]anthracene 22 -0.113  -0.274 | TBCY 144 -0.154  -0.172
Dibenzo[b, h]phenathrene 22 -0.139  -0.284 | Circumcircumcircumcoronene 150 -0.169  -0.212
Pentacene 22 -0.149  -0.276 | TBC8 162 -0.173  -0.185
Coronene 24 -0.038 -0.303 | Bisheptacoronene 252 -0.126  -0.271
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To develop a higher performance Li-ion rechargeable battery it is necessary to make clear the structures
and mechanism of the occlusion / release process of Li/Li-ion to carbon materials as cathode materials. In
order to determine the carbon materials that minimize energy loss by electronic movement, HOMO and
LUMO energies were calculated for 48 kinds of carbon skeleton using the RHF/3-21G of the ab initio molec-
ular orbital calculation program Q-Chem. It was found that the repeated structures of tetrabenzo[bc, ef, K,
no]coronene(TBC) satisfy the demand for orbital energiesof Li/Li(+), and that TBCG6 is the smallest skeleton
for this purpose.

Keywords: Lithium-ion battery, Molecular orbital, Carbon cluster, Material design, Polycyclic aromatic
hydrocarbon
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