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Table 1 Total energies and bond lengths of Y442 at B3LYP/6-31G, GGA-PW91/DN and

LDA-VWN/DN theoretical level

Method E,, /Hartree R,/nm R;,/nm R /nm R,/nm R./nm R;/nm R,/nm
B3LYP/6-31G -5347.7172 0. 1406 0. 1432 0. 1430 0. 1422 0. 1460 0. 1454 0. 1507
GGA-PW91/DN —5347.3553 0. 1406 0. 1430 0. 1429 0. 1420 0. 1459 0. 1454 0. 1504
LDA-VWN/DN —-5301. 7486 0. 1401 0. 1418 0. 1420 0. 1408 0. 1447 0. 1439 0. 1488

# a, b, c, d, e, fand g denote the bonds of the heptagons shown in Fig. 1.
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Table 2 Total energies, energies difference and bond lengths of the heptagons in the junctions *

Species E,. /Hartree AE/Hartree R,/nm R,/nm R./nm R,;/nm R./nm R;/nm R:_C/nm
Y441 0 0 0. 1444 0. 1423 0. 1429 0. 1428 0. 1448 0. 1453 0. 1490
Y442 -914. 3078 -914. 3078 0. 1406 0. 1430 0. 1429 0. 1420 0. 1459 0. 1454 0. 1504
Y443 - 1828. 5701 -914. 2623 0. 1412 0. 1424 0. 1430 0. 1417 0. 1470 0. 1454 0. 1494
Y444 —-2742.8779 -914. 2981 0. 1433 0. 1422 0. 1425 0. 1422 0. 1458 0. 1470 0. 1499
Y445 -3657. 1857 -914. 3354 0. 1412 0. 1427 0. 1429 0. 1416 0. 1462 0. 1461 0. 1502
Y446 —-4571. 4935 -914. 2934 0. 1403 0. 1432 0. 1427 0. 1417 0. 1466 0. 1459 0. 1511
Y447 —-5485. 8013 -914. 2815 0. 1431 0. 1423 0. 1425 0. 1421 0. 1458 0. 1469 0. 1498
Y448 —-6400. 1091 -914. 3390 0. 1417 0. 1427 0. 1427 0. 1420 0. 1460 0. 1465 0. 1506
Y449 —-7314. 4169 -914. 3049 0. 1406 0. 1430 0. 1428 0. 1418 0. 1463 0. 1461 0. 1510
Y4410 —8228. 7247 -914. 2873 0. 1411 0. 1425 0. 1428 0. 1414 0. 1468 0. 1456 0. 1499
Y4411 -9143. 0325 -914. 3238 0.1418 0. 1426 0. 1425 0. 1419 0. 1461 0. 1462 0. 1503

# AE =Eviy(, .1y —Eyayny- a, b, ¢, d, e, fand g denote the bonds of the heptagons shown in Fig. 1.
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Fig.3 Three types of structural motifs appeared at the terminal of Y44 nanotubes with length larger than 1 nm

Hydrogen atoms are omitted for clarity. Chemical bonds are schematically represented by using single-bond, double-bond ( solid

double line) , single-bond halfway to double-bond( solid-dashed line) , and Clar structures(i. e.
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Fig. 6 Partial density of state( PDOS) of Y4411 CNT(A) and pristine(4, 4) CNT(B)
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Fig.7 Local density of state(LDOS) of Y4411 CNT
Each LDOS curve corresponds to the contribution of a carbon atom belt of 16 carbon atoms.
The indices(1, 2, -+, 6) refer to the carbon belts indicated in Fig. 1.
Y445 150 Y446

100

E

Y447

=

Y448

L S /\/\MK
<2 =
o (2]
2 2 4
= c Y449
50k /J/k
0
160 Y4410
80 /J\/\\,\
0
P Pristine Y4411
: 4, 4 160
. 80 r\[\[\\ﬁ
; }I\ fh\f!\"’\/]\'\ }me 1] 1 1 il : 1
=10 =5 10 =10 -5 0 5 10
Encrg} feV Energy/eV
Fig.8 Total density of state( TDOS) of different length Y44 CNTs
A\
3 & i

XY BIBRAORAE BOPE BT T3, MORRHREE Y U 2 KA O PEREAT 1 AL, WRoTal ik
Ui (1)4:75334”%?#@%5313’]'3[/\50“65%@% AR, SR MERBE AT Y UG A 7 FE A H B T 4
T AR AYRR - B, IS BAR A LAY (4, 4) BRAEAN LRR, SERIAYTK IR (2) 3 Y BUBRANKE



2412 BEFRALFEFR Vol. 29

SCRT 1 nm B, R E SR TR BRI, SR A AL, ARl LAl 3 26, 42118 Kekule 30, A
584 Clar UMISE 4 Clar 29 IS FA LA AL s (3) tjc%%?l\ﬁélfﬁﬂ’ﬁlf\, fill Y BB 4K
PEORBEHAL A RES T IF L QURIFRAR, 3 T — 20/ N iR | ph A5 Y BUBRAA KA Y L~ 1 JBORT B
T IC R BRI KA A AR KA AR

FIAFHFMERBA G XT Y BURRAE A 25 F FPE A 52, DR AEGY Y R 9 K A 1 M 5T DA R K
Xof A o 1) 5 M8 o AR KA e 10 i 3 LA B 7 A T A S

& £ X M

lijima S.. Nature[ J], 1991, 354. 56—58

]
[2] Antonis A. N., Menon M. , Srivastava D. , et al.. Appl. Phys. Lett. [J], 2001, 79(2) : 266—268
[3] LiJ., Papadopoulos C., Xu J.. Nature[J], 1999, 402(6759) . 253—254
[4] Andriotis A. N., Menon M.. Appl. Phys. Lett. [J], 2006, 89: 132116(1—3)
[ 5] Papadopoulos C., Yin A. J., XuJ. M.. Appl. Phys. Lett. [J], 2004, 85(10): 1769—1771
[ 6] Perkins B. R., Wang D. P., Soltman D. , et al.. Appl. Phys. Lett. [J], 2005, 87, 123504(1—3)
[ 7] Bandaru P. R., Daraio C., Jin S., et al.. Nat. Mater. [J], 2005, 4. 663—666
[8] GaoB., JiangJ., WuZ. Y., etal.. J. Chem. Phys. [J], 2008, 128. 084707 (1—38)

[ 971 Rochefort A., Avouris P.. Nano Lett. [J], 2002, 2(3): 253—256

[10] Xue B. C., Shao X. G., Cai W. S.. Comput. Mater. Sci. [J], 2008, 43(3) : 531—539

[11] Delley B.. J. Chem. Phys. [J], 1990, 92(1) ; 508—517

[12] Delley B.. J. Chem. Phys. [J], 2000, 113(18) : 7756—7764

[13] Perdew J. P., Wang Y.. Phys. Rev. B[J], 1992, 45(23) : 13244—13249

[14] Vosko S. H., Wilk L., Nusair M.. Can. J. Phys.[J], 1980, 58 1200—1211

[15] Frisch M. J., Trucks G. W., Schlegel H. B. , et al.. Gaussian03[ CP], Pittsburgh PA; Gaussian Inc. , 2003
[16] Matsuo Y., Tahara K. , Nakamura E.. Org. Lett. [J], 2003, 5(18); 3181—3184

[17] Nakamura E. , Tahara K. , Matsuo Y., et al.. J. Am. Chem. Soc.[J], 2003, 125, 2834—2835

[18] Charlier J. C., Ebbesen T. W., Lambin P.. Phys. Rev. B[J], 1996, 53 11108—11113

First-principle Theoretical Study of Structures and Properties of
Finite-length Y-shaped Carbon Nanotubes

XUE Bing-Chun, CAI Wen-Sheng, SHAO Xue-Guang "
( Department of Chemisiry, Nankai University, Tianjin 300071, China)

Abstract The geometry and electronic structure of finite-length (4,4 ) Y-shaped carbon nanotubes( CNTs)
were investigated using density functional theory with GGA-PW91 method. The results indicate that the
difference between the Y-shaped CNT and the pristine one is remarkable due to the influence of the defects in
the junctions of the former. Furthermore, the structures and properties of Y-shaped CNTs are found to be rela-
ted to the length of the CNT branch. By comparing the properties of the Y-shaped CNTs with different lengths,
the length-dependent oscillation behavior including structure, energy gap and electronic property were ob-
served when the length is longer than 1 nm.

Keywords Finite-length Y-shaped carbon nanotube; Geometry; Electronic structure and property
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