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Fig. 1. (a) Top view and (b) side view of atomic structure of the Fe
substitution for B in a (8, 0) BN nanotube. The small dark balls
represent B atoms, the small light ones N, and the big dark ones Fe
atoms, respectively.
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Fig. 2. Atomic structure of the transition metal substitution for (a) B
and (b) N atom, respectively. The small dark balls represent B atoms,
the small light ones N, and the big dark ones transition metal (Fe, Co,
or Ni) atoms, respectively. The numbers 1 and 2 are the nearest bond
length between B or N and TM perpendicular to the tube axis, and the
number 3 is one along the tube axis.
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Table L. Calculated bond length (in units of A) between TM and B or
N for the (8, 0) BN nanotube with TM substitution. Fe(Co, Ni)-B(N)
represents the Fe(Co, Ni) substitution for B(N), and 3 means the
bond length along the tube axis as shown in Fig. 2.

Fe-B Fe-N Co-B Co-N Ni-B Ni-N

1 1.87 1.94 1.83 1.90 1.84 1.47
2 1.87 1.94 1.83 1.90 1.84 1.47
3 1.89 1.89 1.88 1.81 1.89 1.85
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Table II. Magnetic moment (in units of ) of TM atoms in a (8, 0)
BN nanotube with TM substitution. Fe(Co, Ni)-B(N) represents the
Fe(Co, Ni) substitution for B(N).

Fe-B Fe-N Co-B Co-N Ni-B Ni-N

Moment  3.93 1.00 2.00 0.00 1.00 1.00
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Fig. 3. Majority and minority spin total and /-projected density of states of the (8, 0) BN nanotubes with (a) Fe substitution for B, (b) Fe
substitution for N, (c) Co substitution for B, (d) Co substitution for N, (¢) Ni substitution for B, and (f) Ni substitution for N, respectively. The

Fermi energy is set to zero and indicated by the vertical line.

o] o] A= AL AV Aot AHE LAY &8 7K
o] T84 WS Foa & 4= IRk

Sio] XgkE BN WefFHd tigh te A7 Aiexe
[7] AP 1R ET} =2 F2n]ou=] 2o = Si 3p T
Aol ofsir AFETk a1, BS A2 B97F NS A
et AR sp EAEI} O Asiths =27t d3dek A
o]F40] X3 BN WcFHO A A LERdH
Fig. 39| 272 Aund, A4 goll= B == N9 2p A
e} FolF4re] 3p Aol ot 71oi7}t g A, A7)
FREE F2 dolgde] 3d Al sl ghol As=
AS & F Uk G BF) dEeA A |RHES 714
Fe, Co, Ni 5°] X|8ks]of Soizks o 4] B B
LA o3l JaFs Wopr] Holg4e] 34 A w7
2211, o]Ao] Ho|g&e] A |HHES W3}
o Aot FE|AAR] ol p HApel] 9
o} d Al o3t AeEErt AXHAE FES
W, BS X8t A9Vt NS X2 ARt
O e 2As & 5 3, ol AR
At Ao 7] 2 IAe= 2 Art.

B7} Feo 2 XZ=QLS o JEdEE K,
Hdze] 5927t 23 8 FiEo| giRE
A 912 Uy L] Wi AP|RHE o] A
TN F8sk= HES] 4 well THE S 7HAA
et NoJ Co2 X3 73ol= 3d A teay) &

T¥o] Ao 22 AdE HolFal glal Ao A}

o=
SRS

o
=

=

>

4y

o)
=

o=
2=

N

IRRIES} ARl 2ukE o gk, olzle wl- Sol
3 Qo AU} 29U 2y B2 a4 2

ol thgk wx1Z 244 & Zevt Sk Nol NiE X|$He
Aol w2 ouA] Ao 2k vl 927t 9l

AL B S e, o]AL Sio] X18E BN WieFH
gk A7 ARel7] AR AV IRHE % 23S ¢ T
At

BN Wi=FHoA B = No| Holggog X8E A9
Ao 3k B dAFel HEHATE TRE JAE
FeCosN B NiCosN 33HEo]| tfdt AR} Ao of
g 71Ee] o A AHE(13] vus| Bopd, MZ ge
91 oA Holadat NeJ AJazkgo] Aol ofw
S PXEA] Bt Z olsliske Al Aolg}al
G xanl=

=00 =
= =

v. & £

AZAT Felel (8, 0) BN WeFEA B B N thal
o] HMolF42] Fe, Co, B NiE XSS o), 729} 2]
A RS ALLHARE S o834 ARkt X3k
Holgds A} Uit d npEo g Z531 Ho] 2
HFe] dido] Ay Bl Bge g wgon, B YAt
AS=RS wjoll= FHO F ikl Hayg TM-NS] Zo]

=

=

7} %23 oluth Rk A HAR, N AA7E AR
mjelis wle] %S HAh Fest Cool ASolE BE A



Bt A7t N& ABE Aeuct o E A|RAES TH
omn, Ni¢] ZAgolle A7IRHES] o7t gldict. Jeids=
O89S BN B, AA gelE B e N 2p WA}
Zolge] 3p Al o3k 7]ofz} 7P AR, A |RHE
olF%2] 3d ARl osiA grol ARHE RS

INETE

o] =R& oldighu 2008d% ARAATH] Aol oJ5}e]
A==

rok

ik

Jila]

[1] S. Ciraci, T. Yildirim, S. Dag, O. Gilseren, and R. T. Senger, J.
Phys.: Condens. Matter, 16, R901 (2004).
[2] E. Durgun, S. Dag, V. M. K. Bagci, O. Giilseren, T. Yildirim,

S=A1718k3) A Al 193 23, 2009\ 492

and S. Ciraci, Phys. Rev. B, 67, 201401 (2003).
[3] X. Wu and X. C. Zeng, J. Chem. Phys., 125, 044711 (2006).
[4] Z. Zhou, J. Zhao, Z. Chen, X. Gao, T. Yan, B. Wen, and P.
Schleyer, J. Phys. Chem. B, 110, 13363 (2006).
[5] Y.-H. Kim, K. J. Chang, and S. G. Louie, Phys. Rev. B, 63,
205408 (2001).
[6] R. Q. Wu, L. Liu, G W. Peng, and Y. P. Feng, Appl. Phys.
Lett., 86, 122510 (2005).
[7]1 M. S. Si and D. S. Xue, Europhys. Lett., 76, 664 (2006).
[8] Y. Zhang, N. W. Franklin, R. J. Chen, and H. Dai, Chem. Phys.
Lett., 331, 35 (2000).
[9] G Kresse and J. Hafner, Phys. Rev. B, 47, 558 (1993); G
Kresse and J. Furthmiiller, Phys. Rev. B, 54, 11169 (1996).
[10] J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett., 77,
3865 (1996).
[11] H. Monkhorst and J. Pack, Phys. Rev. B, 13, 5188 (1976).
[12] Y. Miyamoto, A. Rubio, M. L. Cohen, and S. G. Louie, Phys.
Rev. B, 50, 4976 (1994).

[13] 719, o IAY, =217 18k5)A], 18, 85 (2008).

Magnetism of BN Nanotubes with Transition Metal Substitution

Y.-R. Jang*
Department of Physics, University of Incheon, Incheon 402-749, Korea

Jinwoo Park and B. D. Yu
Department of Physics, University of Seoul, Seoul 130-743, Korea

(Received 24 March 2009, Received in final form 7 April 2009, Accepted 10 April 2009)

The magnetic and structural properties of the (8, 0) BN nanotubes with transition metals (TM) of Fe, Co, or Ni substitution for B or
N were investigated using a first-principles calculation. It was found that TM substitution makes the cross section being distorted and
the bond length TM-B or TM-N being longer than that of the original B-N one. The magnetic moment is larger for the TM
substitution for B than one for N, and it is mainly due to the 3d electrons of TM atoms.
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