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Structures and Stabilities of Boron/Nitrogen-Doped Fullerene C,,
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Abstract: The geometries of various isomers of heterofullerenes Cy,X5, (X=B, N; n=1, 2, 3, 4) were fully optimized at
the B3BLYP/6-31G * density functional level of theory, and the corresponding frequency calculations at the same level
were used to characterize the ground state structures. The substitutional patterns, electronic structure, strain, and
aromaticity of these heterofullerenes have been investigated. In general, nitrogen doping could not significantly
decrease the strain of the cage. The strain of C,,N; was even larger than that of C,, this nitrogen analogue was
extraordinarily unstable. The two most stable isomers of CyB,, 1,14-C;¢B, and 1,3-C;sB,, both have large HOMO-
LUMO gaps and binding energies. They were highly aromatic. The strains of these two molecules were very small,
compared with that of Cy. 1,14-Ci¢B, and 1,3-C3B, were predicted to be highly stable small heterofullerenes, these two
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configurational isomers could be distinguished from each other by their IR spectra.

Key Words: Fullerene Cy);
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1 HEAZE

o 24 Ak B %% BE 72 2R 7 I B3LYPAE6-31G " 3%
KV EXFCox0Xon (X=B, N; n=1.2.3 .4) & FH{k
AT LT RE R A A4k, 4055 003 A3 AT 1 45 S 4
F S EE M. FE IR B aEA T RTZR 3 FHLE FI°He A%
ST A2E L% (nucleus independent chemical shifts,
NICS) %515, 2 eI X L 45 F4 FINTC S 5 i),
PAB3LYP/6-31G “{LAL Y A JAili, #EB3LYP/6-311G ™
K E AT T B S BE AL 23031 Gaussian 03
FRIFIA5E 1.
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Fig.1 Numbering of atoms in C,,
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H RT3 e he o SRR B A XS RE . C 1By T CNg #5
HA—FhSsr ik, REBGEL:R 1,3 AT R T T,
S, 5 CuLPYRIFY.

A3 A T 25 E5 8 7T LA BI, 45 CiBs
SRR T B T 54k, o 1,14-C B, e
FCEM:, 6 1~ B—C #KAE 0.1554-0.1558 nm, JL
F-ERAHAE; C—C K AE 0.1422-0.1470 nm, & B BH
I IEHIRAE. B C\B, Ab, He BRI A X Fh oy
fE, 4 1,14-C N, H1 i) N—C Fil C—C 4K 43 HI7E
0.1461-0.1500 nm F1 0.1396—0.1519 nm, 25445 K ;
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FARRAE ST, C B, 43 F N i H A AR50 (17 05 bk,
B A A BRI DT k.
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No.10 RS RIS WA Co R FIERE I 1649
R 1 CyuXy(X=B,N; n=1.2.3.4)RHEF1 C, HIHEXIHEE(AE).HOMO #1 LUMO #iE#E
(Ey 70 E,) . HOMO-LUMO BEBS(E,)F1 NICS (6)
Table 1 The relative energies (AE), HOMO and LUMO orbital energies (Ey and E,), HOMO-LUMO
gaps (E,), and NICS (9) for C,,.X,, (X= B, N; n=1, 2, 3, 4) isomers and C,,
Somer B3LYP/6-31G* B3LYP/6-311G*//B3LYP/6-31G™
AE/(KJ*mol™)  EyleV E /eV gap(eV) ) AE/(kKJ*mol™)  EyleV E./eV EJ(eV) )
CisB2
1,14 0.0 -6.27 -3.05 3.22 -48.4 0.0 —-6.64 -3.43 3.21 -50.5
1,3 3.2 -6.39 -3.16 3.23 -48.4 2.9 -6.76 -3.53 3.23 -50.6
1,8 27.3 -6.08 -3.13 2.95 -51.3 25.2 -6.45 -3.51 2.94 -53.3
1,20 49.4 -5.58 -3.14 2.44 46.7 -5.97 -3.52 2.45
1,2 66.4 -6.18 -3.08 3.10 65.4 -6.56 -3.46 3.10
CIOB1
1,10,14,16 0.0 -6.25 -4.30 1.95 2.8 0.0 -6.58 -4.65 1.93 1.4
1,4,14,17 10.5 -6.19 —4.22 1.97 29 8.9 -6.53 —4.58 1.93 1.5
1,4,10,14 17.3 -6.44 -4.40 2.04 0.5 16.5 -6.77 -4.75 2.02 -1.0
CH-BO
1,3,9,10,12,13 0.0 -6.03 -3.83 2.20 6.7 0.0 -6.34 -4.16 2.18 5.6
1,3,10,14,16,18 13.1 -6.39 -3.82 2.57 -3.7 18.9 -6.68 -4.15 2.53 —4.2
1,3,7,10,14,16, 73.8 -6.07 -4.63 1.44 9.0 78.0 -6.37 -4.95 1.42 8.5
C12B8
-6.14 -3.24 2.90 1.5 -6.45 -3.56 2.89 0.5
CISNZ
1,14 0.0 -5.56 -3.16 2.40 -16.5 0.0 -5.92 -3.53 2.39 -18.1
1,8 6.3 -5.33 -3.23 2.10 -8.2 7.6 -5.68 -3.60 2.08 -9.6
1,20 7.6 -5.04 -3.20 1.84 -7.1 7.1 -5.40 -3.56 1.84 -8.8
1,3 26.8 -5.45 -3.24 2.21 28.6 -5.80 —-3.60 2.20
1,2 41.0 -5.53 -3.32 2.21 43.6 -5.88 -3.67 2.21
CmN4
1,4,14,17 0.0 -5.60 -3.42 2.18 6.0 0.0 -5.93 -3.72 2.21 5.3
1,8,15,18 31.0 -5.29 -3.51 1.78 19.5 26.5 -5.63 -3.85 1.78 18.4
1,10,14,16 39.6 -5.45 -3.49 1.96 1.9 36.2 -5.79 -3.82 1.97 0.9
CuNg
1,3,9,10,12,13 0.0 -5.71 -3.13 2.58 0.9 0.0 -6.00 -3.40 2.60 0.1
1,4,7,10,14,17 3.2 -5.98 -3.32 2.66 -1.3 5.5 -6.27 -3.59 2.68 -2.1
1,4,7,14,15,17 11.6 -5.80 -3.60 2.20 -2.5 14.2 -6.09 -3.86 2.23 -3.2
CioNg
-5.82 -2.97 2.85 0.8 —-6.04 -3.18 2.86 0.5
CZI
-5.06 -3.11 1.95 -19.2 -5.45 -3.52 1.93 -22.0

NICS: nucleus independent chemical shifts

A FEZA 0.22-0.39 eV, 1B 1 T LUMO fig g t]q]
IR T LT AR A B U, PR PR R 35K 15 2]
i) HOMO-LUMO RE B AH 2= AR/, 5 4F A 52 35 i 3
WHFFE R BB, J 48 AR TS B 20 0T DL 3 el An
WG FA5 . B IR N T A Cy il
HOMO F1 LUMO BB &A= T A [F) B2 B A A0 A%,
FH AP R Z B Y, HOMO 1 LUMO fig4t 5
Co FAH ELER A FITREAIG, B 827 A= (AR fb A, HE
1, 1,14-C;B, () HOMO fig 9% AN (H I 2 FAR, 17 HL
LUMO REZ A At T, Ui 155 L FERRAR A

a
B2 1,14-C4sB; (a)#h 1,3-CysB, (b)RIfL LR
Fig.2 The optimized structures of 1,14-C;B, (a) and
1,3-CysB; (b)
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5, Wit B IR (145 2% S A6 38 i 66 77 1 1) 55
REBR Y /N T HL - DA 5 038 ) 2 B3 kA BR
TRES, fE—E R FRED Tk oh 128
N TEPE, BRI RE B P 5% F A L D - AT e
R AR E TEr AT ). AR 1 AT LA H, 1,3-
Cy¢B, 1 1,14-CiB, HIREFREL K, BSLYP/6-31G 1t
A T 5 3CHRGT E) 4338 3.23 i 3.22 eV, TE[F]
—IHEIKF b, Co BIRERR A 2.76 eV, Tl CxBNFIFI
Co"(C, XTFRME) I RERR 4 51 HAT 2.22 F1 1.95 eV. B
C.:Bo B LA SR LLAE, C B, I C N, W #RAT o4
KAYRER.
23 HKAE5EEE

Co HA AEH KI5k 1, AR AR E . 225+
35 A BEAE S Co (195K 1, 4N Alder 551 FH 454 2 i
FEUER C Py BBK TR/, BOZAEH AR AE . Cop S H—
B S IR A 5K AR RN AN SR RS
(B3LYP/6-31G* Jrik, &% A IE ) M H s
Cart10H=CyxHy AH(per Hy)=—259.0 kJ-mol™ ' (1)
CisBo+9H,=C sH;sB, AH(per H,)=—193.7 kJ-mol™ (2)
C:By+6H,=C,H,;;B;  AH(per H,)=—194.9 kJ - mol™ (3)
CsN+9H,=C;Hs2N, AH(per H,)=—230.5 kJ-mol™ (4)
C:Ne+6H,=C,H,N;  AH(per Hy)=—301.9 kJ-mol™ (5)
CPi+6H,=C,H,,P;  AH(per Hy)=—134.1 kJ-mol™ (6)
Hirr C¢By 1 CieN, 23148 1,14-C 4By 1 1,14-C N,
(5)FH(6) Y KL 4 55 SCHR 413345 SR — 3%, X
BB N AE B 2 AL AR AR /N, R RO
fa T LA, CuPy 5K T fie/)N; B 24 th B 6% B 2
FAR Co 93K 1, NI KEBE B JEF A BUREAS LR
/N TTRAB A E B EFEAL Co BY5K T, CouN, 15K
TEEEH Cy IR EK.

FNT R F L5 RE B, 1R /N T S5 3 A
R KNI 3 —AMEIE, E, 2 T X X

E(Cay2:X5)=[(20-2n)E(C)+2nE(X)-

E(Ca.5,X5)1/20

Hh E MR 10 S aE

Cop2Xon(X=B, N; n=1.2 .3 .4) I fa & A 1A |
Cy Fl1 CuPy MR T-45 588 E, 91 F 3 2. W3 2 1] LU
Fill, 5 Cy MHLAE T AL E, A AR 5
T, BRE TR Z E, #U), etz 5H
N B BURPIAR B, N BRI E, B s 2, /)
N BRI A QAR R i B BUR P aE . 1,14-C,6B, 1)
E, 5 Cy BAEH 21T . B AR 1,14-C,B, M 5K J1 Hb
CoPy B K, (HHEZE G REE I CLP, KIS £, 22

F2 Cyp2Xs (X=B,N;n=1.23.4)HEBEFHE.Cy
n CPs MR FLEEEE E,
Table 2 The binding energies of the most stable
isomers of C,_,.X,, (X = B, N; n=1,2,3,4), C, and C,P;

Species EJ/eV Species EJ/eV
1,14-C,;B, 6.14 1,14-CigN, 5.92
1,14,10,16-C,:B, 6.00 1,14,4,17-C;¢N, 5.65
1,3,9,10,12,13-C,,B, 5.89 1,3,9,10,12,13-C,,N, 5.38
CiBy 5.79 CuNg 5.11
Cy 6.15 CPy 4.94

1.20 eV(=115.8 kJ-mol™).
24 FEM

H Schleyer S5 H A2k 37 AL 2= L B2 (NICS) 1)
WEE LIk, NICS 1F R —FhHI W o005 Bk ipsifE 2
FREN 12 B . A SCRTTR A T 05 &, 715
NICS #9255 S ERETE S8 R 70+ By ol 4 NICS
7 S, NICS {H B 7 3RoR A R 09 05 A Bk, (E{H
TR TN, —2E Cy0,Xou(X=B, N; n=1.2.3 .4)fa
TE A IRBINICSIE WL # 1. C P AYNICSTH H-15.01,
VL] C Py HEAG SR B 5 k. 3R 1 Al &
i, NICS {H 2 S A K. CB, LA AR
NICS # A5 R A R, PRI A AR 5 i 0 k.
HE 5 FIINICS {55 C B, MAHZER K, i 1,14-
CooN, A H S50 05 A PEAN, IR 80 HA 55905 7
PR R J5 B e X5 2.0 7 S bR EPEL TG HE W
JE—FUR). CBy SHE 4 F 5 PR 25 2550, AT
PAFH Hirsch ZEMEEH K] 2(n4+1)2 KR A2 B, R A 7E
Ca2Xs, (X=B, N; n=1.2.3 .4)# H 45 C;B, i /&£ X —
F(n=2), 7 F B 2 R wiiny. T UUE
S F S SR NICS (85 525500 5 7Y
WK “He b2 it — 30", I, 13T A9 NICS
(BT A FRAE A S50 s 0.
2.5 1,14-CyB, #0 1,3-C4B, BILI 5hyLiE

ML EA3 A AT A, 1,14-C B, A 550 8 B R i 1,
1,3-C B, 5'E 1Y B BE S AH 22 R/ (F i Re At JLF-AH
&), Hep Bt AR AR, PRk, oA A s AR
PE. T HATIR X WA F R ZLAMGE. 1,14-C6B,
1 1,3-C B, W IARIR B AT #8531 hy 442.4 Fl 448.2
em™ (ARJE: FAS R A ME, ot BRI P >4 FARAR ),
ZLAMRISSRE 1510 MIPR BRG] T 3R 3, IRehAR
RS IEAE(B3LYP/6-31G " 1EH F: 0.98). 1,14-C B,
AT SR R W SO, S KW, T 1270.8 em ™,
HJE T C(11).C(12) .C(16)F C(19)5H4B C J5i+[H]
1) C—C M4 PR30 7€ 674.8 cm™ By I I, Xt i
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%3 1,14-CyB, 1 1,3-C 4B, BIHRBIITE (v)FA
LTSN M52 FE(I)
Table 3 Vibrational frequency (v) and intensity (I)
of IR adsorption for 1,14-CsB, and 1,3-C;B,

1,14-C;B. 1,3-C¢B,
Symmetry v/em™ [/(km-mol™) Symmetry v/cm™ I/(km-mol™)

A 442.4 0.3 A" 448.2 0.0
B, 581.1 13.6 A’ 696.5 13.8
B, 674.8 56.7 A’ 712.6 19.7
A 885.3 13.3 A’ 876.9 11.9
B, 887.0 16.3 A’ 887.3 10.0
A 1047.7 14.2 A’ 1167.9 13.0
B, 1082.5 11.2 A’ 1201.4 10.0
A 1124.9 19.1 A" 1258.0 33.5
B, 1192.8 35.7 A’ 1258.7 38.1
A, 1222.6 13.6 A’ 1333.5 26.7
B, 1270.8 94.4 A" 1361.5 26.0

A’ 1369.6 10.1

B—C 4k sh. 1,3-C (B, F A Hp 5555 J3 1 W AL 0
e KW WAz F 1258.7 em™ BRI, 5 1,14-Cy6B, 11
LLAMNETEAFAERE R 22 5. W] LU LLANERE X 43 P A
SR,

3 & i

I FH %% 5 7 e 36 (DFT) (9 B3LYP/6-31G * il
B3LYP/6-311G* J5 15, X} Cy B BT 5 5 & )
I Ca2Xon (X=B, N; n=1.2.3 . 4) B 4514 FIFa & Pk ik
TP THRSE. BT Co R TR A, B 38 N JEFI
Selny i X G5 HE & Wia A m. iChes o
AR Coy B HL TS5 44 FH AR 43 F A9 5K 77, 1,14-Cy6B,
1 1,3-C B, #8 HLAERRYRERR, ‘B I1HY5K ) S8k H
CuPy IR, HZS A BE(E)E L CuP, KT £, A B
FANRE B FRAIK Co 5K TT, CuNg 5K JIEEZ HE Cy
FIR B, AEH AREEE . CB, 5T H IARHR A TR 58 1)
Tk, 1 CynXo, (X=B, N; n=1.2.3 4)H, C;;B, [
P B A A 1,14-C\B, T 1,3-C By A
P ) 2R Bl e v, T LA e T2

SMETE I EAIX 7.
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