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Fig.1 Side view(A) and the schlegel diagram of C,, (D, ) -(B) showing
the numbering system to discuss the CP, isomers
Table 1 AMI1 and MNDO calculated heats of formation( HF, unit. Hartree), energy level’ of frontier orbital
(Hartree) and HOMO-LUMO gap“(eV) for the C 4P, isomers, as well as the total energy ( Hartree)

of some representative isomers calculated at B3LYP/3-21g level’

Species Substitution position Bond HF(AM1) HF(MNDO) HOMO LUMO Eryvomono/eV
CygPy-1 (1,2)(1,5) C1—Cl1 1.5149 1.3075 -0.32811 -0.12943 5.40648
CsPy2 (1,3)(1,4) 1.5554 1.3238 ~0.31926  -0.12704  5.23069
CyP>-3 (1,7) C1—C2 1.4601 1.2649 —-0.32887 —-0.12380 5.58036
CyPy4 (1,8)(1,6) 1.5414 1.3238 -0.29388 -0.15292 3.83580
CysPy-5 (1,9)(1,10) 1.5155 1.3184 -0.31720 -0.13105 5.06551
CyP,-6 (1,14)(1,15) C1—C3 1.4981 1.2777 -0.32837 -0.11707 5.74990
CygPy-7 (1,13)(1,16) 1.4896 1.2703 -0.32419 -0.12426 5.44050
CysP,-8 (1,12)(1,17) 1.5211 1.2960 -0.32244 -0.12058 5.49301
CysPy 9 (1,11)(1,18) 1.5344 1.3059 ~0.32148  -0.12440  5.36294
CiPa-10 (1,20)(1,19) 1.5264 1.2993 ~0.32172  -0.12373  5.38770
CygP,-11 (1,26)(1,25) Cl1—C4 1.4640 1.2526 -0.32739 -0.11753 5.71071
CyzPy-12 (1,27)(1,24) 1.4791 1.2645 -0.32519 -0.12010 5.58091
CyueP,-13 (1,28)(1,23) 1.5189 1.2862 -0.32188 -0.12408 5.38253
CyP,-14 (1,29)(1,22) 1.4845 1.2683 —-0.32425 —-0.12298 5.47696
Cy3Py-15 (1,30)(1,21) 1.4943 1.2760 -0.32368 -0.12417 5.42907
CygP,-16 (1,36)(1,37) C1—C3 1.5038 1.2816 -0.32507 -0.11839 5.62418
CysP,-17 (1,35)(1,38) 1.4958 1.2751 -0.32593 -0.11860 5.64186
CygP,-18 (1,34)(1,39) 1.5140 1.2896 -0.32432 -0.12091 5.53519
Cy3P,-19 (1,33)(1,40) 1.5317 1.3308 -0.28658 -0.15742 3.51470
CusP5-20 (1,31)(1,32) 1.5219 1.2956 ~0.32218  -0.12331 5.41165
CyuP,-21 (1,44) C1—C2 1.5104 1.2896 -0.32083 -0.11950 5.47859
CyP,-22 (1,43)(1,45) 1.5271 1.3027 -0.31839 -0.12844 5.16892
Cy3Py-23 (1,41)(1,42) 1.5154 1.2930 -0.31723 -0.12433 5.24919
CyuP,-24 (1,50) C1—C1 1.5296 1.3048 -0.32077 -0.12175 5.41573
CygP,-25 (1,46)(1,49) 1.5172 1.2941 -0.32738 -0.11750 5.71125
Cy3P,-26 (1,47)(1,48) 1.5452 1.3161 -0.32518 -0.12761 5.37627
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Continued
Species Substitution position Bond HF(AM1) HF(MNDO) HOMO LUMO E\ yyo-nomo” eV
CyeP,-27 (6,7)(6,10) @2—C2 1.4498 1.2382 -0.32852 -0.11507 5.80840
CyeP,-28 (6,8)(6,9) 1.5089 1.3034 -0.31866 -0.12843 5.17654
CyP,29 (6,13)(6,12) 2—C3 1.5346 1.3195 -0.31827 -0.12416 5.28212
CyeP,-30 (6,14)(6,11) 1.4938 1.2751 -0.31892 -0.11562 5.53220
CyP,-31 (6,15)(6,20) 1.4941 1.2737 -0.32166 -0.11059 5.74364
CyePy-32 (6,16)(6,19) 1.4939 1.2729 -0.32019 -0.12251 5.37927
CyeP,-33 (6,17)(6,18) 1.5122 1.2893 -0.31497 -0.12417 5.19205
CyeP,-34 (6,24)(6,23) 2—C4 1.4872 1.2698 -0.31750 -0.11983 5.37900
CyeP,-35 (6,25)(6,22) 1.4609 1.2498 -0.32493 -0.11112 5.81820
Cy5P,-36 (6,26)(6,21) 1.4614 1.2503 -0.32237 -0.11278 5.70336
CyeP,-37 (6,27)(6,30) 1.4743 1.2609 -0.31835 -0.12040 5.38662
CyeP,-38 (6,28)(6,29) 1.4823 1.2669 -0.31712 -0.12425 5.24838
CyeP,-39 (6,35)(6,34) 2—C3 1.4967 1.2761 -0.32070 -0.11438 5.61438
CygP,40 (6,36) (6,33) 1.5061 1.2840 -0.31801 -0.11805 5.44131
CyeP,41 (6,37)(6,32) 1.5002 1.2788 -0.31863 -0.11612 5.51070
CyePy42 (6,38)(6,31) 1.4947 1.2743 -0.31945 -0.11424 5.58417
CyeP,43 (6,39)(6,40) 1.5113 1.2879 -0.31686 -0.12280 5.28076
CyePy44 (6,43) 2—C2 1.5329 1.3095 -0.31175 -0.13455 4.82197
CyeP,45 (6,44)(6,42) 1.5030 1.2849 -0.31337 -0.12218 5.20266
Cye Py 46 (6,45)(6,41) 1.5226 1.3003 -0.31493 -0.13270 4.95884
CyeP,47 (11,12) 3—C3 1.5061 1.3005 -0.31846 -0.12179 5.35178
CyeP,48 (11,13) (11,19) 1.5215 1.3116 -0.31606 -0.11948 5.34933
CyeP,49 (11,14) 1.5109 1.2849 -0.31822 -0.11621 5.49710
CyeP,-50 (11,15) (11,17) 1.5279 1.3016 -0.30944 -0.12517 5.01436
CyeP,-51 (11,16) 1.5011 1.2771 -0.32150 -0.11206 5.69928
CyP,-52 (11,18) 1.4894 1.2678 -0.32257 -0.11090 5.75996
CyeP,-53 (11,20) 1.4878 1.2658 -0.33247 -0.11703 5.86255
CyeP,-54 (11,22) 3—C4 1.4498 1.2539 -0.33358 -0.12151 5.77085
CyeP,-55 (11,21) 1.5022 1.2829 -0.31258 -0.12478 5.11041
CyeP,-56 (11,23) 1.4865 1.2710 -0.31554 -0.11938 5.33791
CyeP,-57 (11,24) 1.4865 1.2688 -0.31874 -0.11670 5.49791
CyP,-58 (11,25) 1.4918 1.2754 -0.31430 -0.12568 5.13273
CygP,-59 (11,26) 1.4710 1.2555 -0.32105 -0.11484 5.61139
CygP,-60 (11,27) 1.5023 1.2875 -0.30711 -0.13197 4.76591
CyeP,-61 (11,28) 1.4612 1.2478 -0.32586 -0.11047 5.86119
CyeP,p-62 (11,29) 1.4952 1.2791 -0.30696 -0.12712 4.89381
CyP,-63 (11,30) 1.4516 1.2400 -0.33133 -0.11280 5.94664
CyeP,-64 (11,31)(11,35) 3—C3 1.5221 1.3016 -0.31105 -0.12579 5.04130
Cy5P,-65 (11,32) 1.4844 1.2648 -0.32653 -0.11578 5.73493
CyeP,-66 (11,33) 1.5139 1.2919 -0.31354 -0.12041 5.25545
CyyP,-67 (11,34) 1.4695 1.2527 -0.33200 -0.11976 5.77547
CyeP,-68 (11,36) 1.5093 1.2838 -0.31875 -0.11633 5.50825
CysP,-69 (11,37)(11,39) 1.5286 1.3029 -0.30493 -0.12706 4.84020
CyeP,-70 (11,38) 1.4991 1.2754 -0.31923 -0.11352 5.59778
CyeP,-71 (11,40) 1.4895 1.2678 -0.32541 -0.11193 5.80922
CyePy-72 (21,22) C4—C4 1.4650 1.2687 -0.32263 -0.11939 5.53057
CyeP,-73 (21,23)(21,29) 1.4603 1.2544 -0.31126 -0.12341 5.11177
CyP,-74 (21,24) 1.4436 1.2361 -0.32341 -0.11527 5.66391
CyeP,-75 (21,25)(21,27) 1.4750 1.2669 -0.30428 -0.13621 4.57352
CyP,-76 (21,26) 1.4324( -2497.8899)"  1.2271 -0.32624 -0.11258 5.81412
CysPy-77 (21,28) 1.4224( -2497.8931)%  1.2193 -0.33198 -0.10831 6.08651
CysPy-78 (21,30) 1.4060( —2497.9140)%  1.2069 -0.33264 -0.11374 5.95671
Cso 1.6274 1.4682 -0.31149 -0.12034 5.20157

a. HOMO, LUMO energies and HOMO-LUMO gaps are calculated using MNDO method; b. total energy calculated at B3LYP/3-21G level.
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Table 2 AMI and MNDO calculated heats of formation(kJ/mol) for 1,2-and 1,4-C P, isomers

Species Isomer Substitution position AM1 MNDO
1,2-Substitution CygP,-1 (1,2)(1,5) 3973.68 3429.69
CyP,3 (1,7) 3829.80 3317.79
C5P,-29 (6,13)(6,12) 4025.34 3460. 96
5P, 47 (11,12) 3950.52 3411.17
CyeP,-54 (11,22) 3802.76 3288.99
CP,-72 (21,22) 3842.72 3327.82
1,4-Substitution Cu5P,27 (6,7)(6,10) 3802.76 3247.69
CisP,78 (21,30) 3688. 01 3165. 60
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Table S Calculated NICSs for the favored C 4P, isomers and C,, at the GIAO-HF/6-31G//AM1 level

Isomer CygP,-54 CygPy-72 CygP,-74 CyyP,-76 CygP,-77 CygP,-78 Cs

NICS -12.8 -26.9 -23.5 -23.0 -19.9 -17.7 -28.8
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Fig.5 Dependence of the HOMO, LUMO energy and HOMO-LUMO energy gap(B) on the heat of
formation of CP,calculated at MNDO level
% Represents the HOMO-LUMO energy gapef Cs,(Dg;) in (B).
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Fig.7 Calculated electronic spectra of CP,-78 by ZINDO method
(A) A is below 400 nm; (B) A is above 400 nm.

Table 6 Major peaks in the electronic absorption spectra of the most stable isomer C,P,-78

A/nm f A/nm f A/nm f A/nm f
1132.80 0.0350 551.80 0.039%4 241.81 0.6313 219.64 5.1830
916.73 0.1315 435.71 0.0680 234.61 1.1468 214.36 1.6633
784.07 0.0407 401.16 0.0363 231.34 0.8148 213.85 1.7894
692.11 0.1179 247.41 0.7198 226.57 1.1338
648.12 0.0593 244.40 1.2849 224.25 2.9616
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Theoretical Studies on Molecular Behavior of C, (D, )
Derivative: Heterofullerene C,P,

XU Xiu-Fang™ , SHANG Zhen-Feng, LI Rui-Fang, ZHAO Xue-Zhuang
( Department of Chemistry, Nankai University, Tianjin 300071, China)

Abstract A systematic investigation on all possible P-doped Cy,( Ds,) isomers C, P, was performed using the
semiempirical methods AM1 and MNDO and density functional theory method B3LYP/3-21G. The equilibrium
geometrical structures, heats of formation, HOMO-LUMO energy gaps, aromaticity, infrared vibrational spec-
trum and electronic absorption spectrum were studied. Further, the molecular behavior was compared with
those of C,xX, (X = B, N). The results indicate that; (1) the isomer C,P,-78, which corresponds to
1,4-substitution in the six-membered ring located on the equator, is the most stable isomer for C,,P,. (2) The
driving force governing the stabilities of the present studied C 4P, isomers is the strain being inherent in the C,
cage, while the stability doesn’t correlate with the aromaticity. (3) The more stable C, P, isomers have larger
HOMO-LUMO energy gap compared with Cy,. (4) The vibrational spectra and electronic absorption spectra of
these substituted fullerenes have been calculated, which could serve as a framework to interpret future experi-
mental results. The computed nucleus independent chemical shifis( NICS) values also provide a basis for the
possible characterization of these C, P, isomers. (5) C4P, and C,;X, (X =B, N) have the same rule of
doping and governing force of stability, and larger HOMO-LUMO energy gap compared with Cg,

Keywords Heterofullerene; Geometrical structure; Stability; Spectrum (Ed. . Y, I)



