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Density Functional Theory Study on the Formation Mechanism of
Isolated-Pentagon-Rule C1p0(417)Clyg
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Xiamen University, Xiamen 361005, Fujian Province, P. R. China.

Abstract: A new isolated-pentagon-rule (IPR) C100(417)Cls has been captured, but its formation mechanism is still
unclear. Herein we have used density functional theory (DFT) to study the possible reaction pathways, including
Stone-Wales (SW) transformation, direct chlorination, and skeletal transformation for C109(417). The calculated results
show that the major source of Ci00(417) is the skeletal transformation of C;02(603), including chloride formation, C,
elimination, and SW transformation. The results satisfactorily explained the experimental observations, and provide useful
guidance for the synthesis of fullerene chlorides.
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transformation of Ci0(445)

(a) Skeletal transformation of C100(417); (b) four possible routes to Ci00(417)Clzs; (€) reconstruction of a skeletal

into Ci100(417) via C1o0(419).

The pentagons and hexagons near the rotated C —C bond are shown in green and red, respectively. color online.
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Table 1  Relative energies (£, in kJ-mol ') of the Cio0 IPR fullerene isomers and HOMO-LUMO gap (Egap in eV).
Rank FM:Sym E Eoun Rank FM:Sym E, Egsp
| 449:, 0.00 1.20 19 21T 31.47 0.80
2 425:C 2.93 1.32 20 441:C, 31.58 0.74
3 442:C, 5.72 1.20 21 383:C 3235 1.32
A 173:Cy 9.74 1.09 22 216:C, 32.63 1.42
5 440:C, 10.83 1.19 23 424:C, 33.03 1.33
6 426:C 17.40 1.30 24 432:Ds 33.04 1.43
7 448:C, 18.30 1.01 25 357:C, 33.73 0.92
8 382:C, 19.41 1.35 26 445:D- 33.89 1.53
9 253:C; 22.54 0.99 27 414:C, 35.86 1.26
10 95:Cy 22.54 1.39 28 254:C 35.88 0.98
11 427:C, 24.41 1.05 29 T1:Ch 36.06 1.28
12 384:C, 24.88 1.28 30 412:C, 36.94 1.07
13 248:(, 28.45 1.14 31 431:D- 37.19 1.46
14 303:C 28.63 1.33 32 344:C, 37.47 1.29
15 232:C; 30.58 1.34 33 260:Cy 37.86 1.01
16 174:C» 30.83 0.86 34 323:Cy 38.47 1.00
17 18:C5 30.95 1.87 73 419:Cy 5587 1.74
18 380:C 3131 1.05 126 417:C5, 7197 1.85

FM: sym, fullerene number: symmetry.
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Fig.3 Reconstruction of a skeletal transformation of Cyy(445)Cl,g into C1¢9(417)Clyg via Cygg(419)Clyg.

The activated energy barriers (in kJ-mol™) are given, the length of C—C is in unit of nm.
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Fig.4 Reaction pathway of Ceg(NC) and C, to Cyp(417).

Energies are given in kJ-mol ™.
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Fig.5 The SW transformation between C;4,(NC) to C;4,(603).

Energy barrier are given in kJ-mol ™. The energy barrier from C102(603)Clig to C102(NC)Clyg (brackets).
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Energy profile
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Fig.6 The free energy-reaction coordination scheme of Ci02(NC) and Cz to Cioo(417).

Energies are given in kJ-mol .
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Supporting Information: available free of charge via the

internet at http://www.whxb.pku.edu.cn.
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