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Synthetic Chemistry of Fullerenes
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Abstract Fullerenes are a class of cage-like molecules made of hexagons and exactly twelve pentagons. Since
the discovery of fullerene in the middle of 1980” s the chemistry of fullerenes has become a flourishing field as a
result of their unique structures and remarkable properties. In the past twentyfive years significant progress has
been achieved in both fundamental and practical fields. Efforts have been made to improve synthetic efficiency and
to synthesize new species of fullerene cage. Herein we review the methods for fullerene synthesis and the novel cage
geometries (more than 60 fullerene structures) that have been retrieved and characterized to date. Advances in the
production separation and characterization of various fullerenes are presented including hollow fullerenes
endohedral fullerenes exohedral derivatives of fullerenes and azafullerenes.
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) ) Table 1  The numbers of IPR-satisfying or nondPR fullerene
FvP Cos ~Ca isomers C, ranging from C, to C,,,
‘ n non-PR IPR  n nondPR IPR
C36 C36 H15 C13 20 1 0 62 2 385 0
CiHig 24 ! 0 64 3 465 0
C36 . 2008 Otero 24 26 1 0 66 4 478 0
28 2 0 68 6 332 0
CGO C57N3 Pt(lll) 30 3 0 70 8 148 1
o 32 6 0 72 11 189 1
34 6 0 74 14 245 1
36 15 0 76 19 149 2
38 17 0 78 24 104 5
40 40 0 80 31917 7
42 45 0 82 39 710 9
flash vacuum pyrolysis at 44 89 0 84 51568 24
1100°C 46 116 0 86 63 742 19
48 199 0 88 81 703 35
50 271 0 90 99 872 46
52 437 0 92 126 323 86
54 580 0 94 153 359 134
N 56 924 0 96 191 652 187
3 (FVP) Ceo !
58 1205 0 98 230 758 259
Fig.3 Flash vacuum pyrolysis synthesis of Cg, 2 60 1811 1 100 285 463 450
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Table 2 A list of fullerenes synthesized/stabilized and characterized so far

carbon molecule stabilized pentagon configuration cage ref

atoms symmetry

20 CyHyy €y Clig 1 duodenary directly fused I 30—33

36 Css CyeHy CyHg or C34HgO 1 sextuple sequentially fused Dy, 34—36

50 CsoClyg 5 double fused Dy, 37

54 Cs, Clg 2 triple sequentially fused C, 38

56 Cs6Clyp 4 double fused G, 39
Cs6 Cly, 2 double fused and 1 triple sequentially fused  C, 38

58 CsgFig and G5y 1y, CFy 2 triple sequentially fused 1 heptagon” C, 40

59 CsoN no fused C, 41 42

60 Ceo no fused I, 1 2
Cqgo Clg 2 double fused G, 43
Coo Clyy 3 double fused c, 43

62 Ce X, (X=H 4-MeCgH, 2-Py 3 5(Me0),C¢H;) 1 quadrangle” C, 44 45

64 CgyHy and Cy, Cly 1 triple directly fused C, 46 47

66 Cg6 Clg and Cy( Cly 1 triple sequentially fused C, 38
Sc, @ Cyq 2 double fused C,, 48

68 Se;N@ Cgg 3 double fused D, 49 50
Sc, C, @ Cgg 2 double fused C,, 51

70 Cyo no fused Dy, 1 2
Se;N@ G,y 3 double fused C,, 52

72 La, @ C,, 2 double fused D, 53—55
La@ C,, (C4H;Cl,) 1 double fused C, 56

74 Coy no fused Dy, 57

76 Coe no fused D, 58
C.s (CFy) no fused T, 59
C,Cly, 5 double fused C, 60
DySe, N@ Co¢ 2 double fused C, 61

78 Cog no fused Dy 62 63
Cog no fused C,, 62 63
C,s (CFy) no fused Dy, 59 64
C,5 (O0OCH, C4H;)CL, 1 double fused C, 65
M;N@ C;q(M = Dy Tm Gd) 2 double fused C, 66 67

79 M,@C,y)N (M =Y Tb) no fused idealied I, 68

80 Cgo no fused Ds, 69
Cgo (CF3) no fused C,, 59
Se;N@ Cgy  Se;C, @ Cyy no fused I, 70 71
Tm;N@ Cg, no fused Dy, 72
La@ Cyy (CoH;Cly) no fused Gy, 73

82 Cg, (CF3) 5 no fused C, 59
La@ Cq, no fused Cy, 74 75
La@ Cg, no fused C, 76
Er,@ Cg, no fused C, 77
Er, @ Cg, no fused Cs, 78
Gdy;N@ Cq, 1 double fused C, 79

84 Cyy no fused Dg, 80
Cygy no fused Dy, 80
Se, C, @ Cyy Cgy (C,F5) no fused Dy 81 82
Csy (CF5) 1, no fused Cy, 81
Cs4(C2F5)12 no fused Cz 81
Ces (C1F5) s no fused C, 81
Cay (CF3) no fused D,, 81
Cas Cyu(CF3) 6 Cou(CiF5) no fused D, 81 83
Cyy Clyy no fused 1 heptagon” C, 84
Gd;N@ Cy, 1 double fused C 85 86
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2
carbon molecule stabilized pentagon configuration cage c
atoms symmetry e
86 Cye no fused C, 87
Cyge no fused C, 87
ThyN@ Cygq no fused Dy 88
88 Cyg (CF3) g no fused C, 89
ThyN@ Cygq no fused D, 88
90 (0P no fused Dy, 90
Coo (CF3) 1, no fused C, 91
Cogo Cls, no fused Cy, 92
Cogo Cly, no fused C, 92
92 Coy no fused C, 93
Coy (CF3) g no fused D, 89
Gd,C,@ Cy, no fused Dy 94
94 Tm@ C,, Ca@ C,, no fused Cs, 95
Coy (CF3) 9 no fused C, 96
96 Cos (C1F5) 1, no fused C, 96
104 Sm, @ C,,, no fused Dy, 97
* The non-classical fullerene incorporating heptagon or quadrangle
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