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Structure and Electronic Properties of Single Walled Nanotubes from
AlAs(111) Sheets: A DFT Study
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Abstract: A series of AlAs nanotubes (NTs) can be formed by rolling up two dimensional periodic (111) single
layer sheets, namely (n,0) and (n,m) nanotubes. Optimized parameters of the atomic arrangement, energy levels
and electronic structure of corresponding nanotubes of different types were calculated and compared by the
density functional theory (DFT) method. The calculated results showed that strain energies (Es) are negative
over most of the diameter range for the (n,0) and (n,m) series, indicating that these NTs are more stable than
a planar AlAs(111) single layer. The strain energy gradually decreases with increasing diameter. The calculated
electronic band structures and density of states profiles reveal that the indirect band gaps (Eg) of armchair AlAs
nanotubes gradually decreases with increasing diameter, which is distinct behavior from the zigzag nanotubes.
The zigzag AlAs nanotubes feature a direct E; with a peak value (2.11 eV) for a tube of radius 1.87 nm. The origin
of the differences in band gaps could be attributed to the p—p coupling interaction between Al 3p orbitals in the
conduction band of the AlAs zigzag nanotube.
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YUK E AT E M R ERIE . R A S IRAT Ay B A
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RKEMBEBHATHR, RN, THRE
AR AZRE () FR, ) B SR T A 1) tH B0 94K
ANFasE MR o

2 BRBESHERZE

AL ER AR S (L10) T D, 57 slab Ak 7Y
SERARALTT I AIAS(LLL) A K A B 1 o . FHorba,
la, 9 25/ PR R, ik )Ea) = |ag =
0.4004 nm, Al—As Z [A]~}-3)4# K 75 0.2365 nm. il
B GNKE LR TTERUIRAKE, HTFMNRE
#or, C,=na, + ma,, EIFE/RNMOmM), Hdn, m
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FHREEM, 7L 24 U8 (n,0) A AL (n,m)
(n=m)gKE, B 1CH) BT 85105 (8,0) ik 1Y
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MK A, WENLx1x5, A TERPKREZ
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FIRGPE, A R CSORE B A AN IR 52 0 K B 433
WEN1*x10 *eV-atom "M 0.1eV-nm*. XH
Bader H i A5 & 70 41 ALFD As () BB L. N T L
BOPKE MRS M, 52 SUN AR BE Eqan:

Esrain = Eube — Espest
Euee SGUKE AL S5 V-1 14 21 25 B B> ALAS 5T

1 SRR EREAE(8,0) (a)F1HEL(6,6) (b)4hEH
Fig.1 AlAs(111) single layer sheet and zigzag (8,0) (a), armchair (6,6) (b) nanotubes
Pink and grey spheres indicate Al and As atoms, respectively. color online
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F1 MUEMILERE. BEAKE. BERMGEIKERN/LAGE RS
Table 1 Optimized geometry and energy of AlAs bulk, single layer (111) nanosheet, armchair and zigzag nanotubes

D/nm Band gap/eVV

Bond length/nm
Esan/eV

Buckling/nm

Al—As; Al—As,
AlAs-bulk - 141 - - 0.2452 0.2452

slab - 1.98 - 0.0500 0.2360 0.2360

(n,n) VBM CBM gap

4,9 0.9656 —0.24 2.10 2.34 —0.158 0.0654 0.2419 0.2397

(6,6) 1.4056 —1.06 1.13 2.19 -0.122 0.0594 0.2404 0.2392

(8,8) 1.8565 -1.10 1.00 2.10 —0.099 0.0599 0.2397 0.2391
(10,10) 2.2968 -1.10 0.95 2.05 —0.084 0.0549 0.2393 0.2390
(12,12) 2.7446 -1.06 0.93 1.99 —-0.072 0.0532 0.2389 0.2389
(14,14) 3.1947 -1.09 0.87 1.96 —0.063 0.0519 0.2388 0.2390
(16,16) 3.6404 -111 0.85 1.96 —-0.057 0.0519 0.2386 0.2389

(n,0)

(8,0) 1.1052 -1.18 0.68 1.86 —0.140 0.0564 0.2420 0.2405
(10,0) 1.3591 -1.15 0.87 2.02 -0.124 0.0596 0.2410 0.2401
(12,0) 1.6144 -1.17 0.91 2.08 —-0.110 0.0579 0.2403 0.2397
(14,0) 1.8716 -1.10 1.01 211 —-0.098 0.0562 0.2399 0.2394
(16,0) 2.1314 -1.08 0.96 2.04 —-0.089 0.0551 0.2395 0.2394
(18,0) 2.3890 -1.09 0.91 2.01 —-0.081 0.0542 0.2393 0.2393
(20,0) 2.6484 -1.10 0.89 1.99 -0.071 0.0534 0.2391 0.2392
(22,0) 2.9048 -111 0.86 1.97 —0.069 0.0527 0.2389 0.2392
(24,0) 3.1669 -111 0.83 1.94 —-0.064 0.0520 0.2388 0.2391
(26,0) 3.4301 -1.09 0.83 1.92 —0.060 0.0517 0.2387 0.2391

VBM: valence band maximum; CBM: conduction band minimum
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2 FETMZEE AIAS(LLIL) K E R 25 82 (Earar) 1 3 FRIZEE AIAS(LL) AR E TR (E) F
EENXARERE ERNXATEE
Fig.2 Relationships between strain energy (Esw.in) and Fig.3 Relationships between band gap (E,,) and
diameter of two types of AIAs(111) nanotubes diameter of different AIAs(111) nanotubes

W, EARIEASEEN . B2 BOREARME AR AU . BB RE A5 SRR W b L AR 4
W, R RANGE OGN AR BE OV A BL, BRI, KR RS AR S, KE TR RTERER L

El4 AlAsHRER B F R EATER R 575 5% E (PDOS)E
Fig.4 Electronic band structures and projected density of states (PDOS) of AlAs nanotube
(a) zigzag (8,0), (b) armchair (6,6), (c) zigzag (14,0), (d) armchair (12,12)
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FE RN R 24 T IR ALAS 90K & BE LA —
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Fig.5 Plots of the charge density distribution along
valence band (VB) (a, ¢) and conduction band (CB) (b, d)
of (8,0) (a, b) and (14,0) (c, d)
p =5 electron-nm™*

B s T35 B As 11 5 48 1 dp PUB IR, B
BT S ETEE. RATKI 2885 g
KEFFRE/NE, AlE ¥ 3p 28 #0284 B 4E
F, 7R A BT T R A o S IE 1)
WEEIE. BEEERER, AR T 3p SHIEZ (A
A EAE TS, PR R X & TN
KEERENE, AR PRI & 48 3p A BAF ¢
SRy CHERIHORET, AR IR S E 3p AH ELAE
BTSSP EASRLGKAE, ALJE TR A48 3p
HUBAMAHEAERRE. FFE, NSHEEZESTUE
BTl IHERE IS UE AR AR, (8,0)F
(1) 57 I Al R T~ 3p FUIE BE L PEAIK, A/ 4240 4
RGO B BRI o MR KR — 157
i, 514,00/ 4% (1.8716 nm)AHiL, Kl ~3L5E
IR PEAER LRSS HE R, SFHRED
A DX ) 3 5 /N e T — 2,y BRAR A A A
LR B GIoKE FR AR o

4 % i

FRATTF 77 i B Ak AR (L10) T 2R R 4K
7ML R g OKE, B R R
W IEM T T e L S 25 . 1
B R % WA O TR RN R TR 4 oK A G AR g 1 A R
i, FHBEEERZRMIEE /N EATT s B



No.3

T OHS: FUBE ALAS(LIL) KBS 4546 A - 5 11 25 72 bR BB I A

553

YANE]: R RLGOKAE AT B, B A I 1
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