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A Tight-Binding Density Functional Theory Study on Single-Walled
Nanotubes from Anatase TiO, (101) Sheets
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(Fujian Provincial Key Laboratory of Theoretical and Computational Chemistry, State Key Laboratory of Physical Chemistry of
Solid Surfaces, College of Chemistry and Chemical Engineering, Xiamen University,
Xiamen 361005, Fujian Province, P. R. China)

Abstract: A series of chiral anatase (101) nanotubes (NT), which we refer to as (n,0), (0,m), and (n,m),
can be formed by rolling up two-dimensional periodic anatase TiO. (101) single layer sheets. Optimized
parameters of the atomic and electronic structures of these nanotubes have been calculated using a
tight-binding density functional theory method (DFTB). Their band gaps (E;) and strain energies (E;) have
been analyzed as functions of NT diameter. Except for (6,0), the strain energy and the band gap of all the
nanotubes of various chirality decrease as the diameter increases. We also find that the strain energy
increases first and then decreases rather than varying monotonically with almost constant band gap when
n/m ranges from zero to infinitely large.
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Fig.1 Side and top views of optimized anatase (101)
single layer sheet and (21,0) (b, c), (0,7) (d, e),
(7,7) (, g) nanotubes
Subscripts 2¢ and 3¢ express the coordination number of atom O,
subscripts i and o indicate the inner and outer walls of nanotubes,

respectively.
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Table 1 Optimized geometry and energy of anatase bulk and single layer (101) nanosheet

. Lattice parameter/nm Bond length/nm* B B
Pattern of TiO, - - - - 10"E/(kJ-mol )" E/eV©
a b c Ti—Oseo Ti—Osq Ti— O Ti—Ouq

bulk expt” 0378 0.378 0.951 0.197/0.193  0.197/0.193  0.197/0.193  0.197/0.193 - 3.20
PBE 0.381 0.381 0.980 0.201/0.196  0.201/0.196  0.201/0.196  0.201/0.196 -262.5242 2.11
DFTB  0.400 0.400 0.961 0.206/0.203  0.206/0.203  0.206/0.203  0.206/0.203 -2.117648 422

sheet PBE 0.356  1.051  2.000 0.211/0.193  0.211/0.193  0.192/0.178  0.192/0.178 -262.5205 2.93
DFTB 0345 1.046 2.000 0.211/0.198  0.211/0.198  0.199/0.190  0.199/0.190 -2.103004 433

* Every type of bond has two kinds of bond lengths; ° average energy per TiO; of nanotubes; ¢ band gap energy of nanotubes
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Table 2 Geometry and energy information of different types of anatase (101) nanotubes

Chirality of nanotube  ¢/nm D/nm Bond length/r‘lm“ - Enbergy/(kJ ; :nol") E/eV*
Ti—Oseo Ti—Osq Ti—Os Ti—Osq E, 107E.*

(n,0) (6,0 1.033 1.02  0.206/0.205  0.206/0.205  0.192/0.192  0.192/0.192 19.62 -2.101042 4.01
(1.051) (0.98) (0.205/0.198) (0.205/0.198) (0.185/0.185) (0.182/0.182) (27.11) (-262.5177) (2.55)

9,00 1.031 1.38  0.207/0.202  0.207/0.202  0.191/0.191  0.193/0.193 1452 -2.101548 4.46

(1.059) (1.33) (0.208/0.196) (0.208/0.196) (0.184/0.184) (0.183/0.183) (15.86) (-262.5189) (2.73)

(12,0) 1.047 1.66  0.212/0.208  0.206/0.193  0.198/0.191  0.202/0.186 1146 -2.101853 4.44

(15,0) 1.047 1.97  0.211/0.205 0.207/0.194  0.198/0.191  0.201/0.186 774  -2.102226 4.39

(18,0) 1.047 230  0.211/0.204  0.208/0.194  0.198/0.191  0.200/0.187 552 -2.102447 436

(21,0) 1.047 2.62 0211/0.203  0.209/0.195 0.198/0.191  0.200/0.187 4.14  -2.102590 434

(24,0) 1.047 294  0.211/0.202 0.209/0.195 0.198/0.191  0.200/0.188 3.18  -2.102682 433

(27,0) 1.047 327 0.211/0.201  0.209/0.195  0.198/0.191  0.200/0.188 2.55  -2.102749 432

(30,0) 1.047 3.60 0.211/0.201  0.210/0.195  0.198/0.190  0.199/0.188 2.05 -2.102795 432

(33,0) 1.047 3.92  0.211/0.201  0.210/0.196  0.198/0.190  0.199/0.188 1.72 -2.102832 432

(36,0) 1.046 426 0211/0.200 0.210/0.196  0.198/0.190  0.199/0.188 1.51  -2.102853 432

(0,m) 04" 0.371 1.61  0.219/0.201  0.207/0.195 0.200/0.188  0.196/0.190 1548 -2.101452 448
(0.360) (1.59) (0.227/0.194) (0.206/0.190) (0.192/0.179) (0.186/0.180) (11.05) (-262.5193) (3.32)

0,5 0.360 1.94  0.216/0.201  0.207/0.196  0.200/0.188  0.197/0.190 10.75 -2.101924 443

(0.360) (1.94) (0.222/0.195) (0.206/0.191) (0.193/0.179) (0.187/0.180) (8.08) (-262.5196) (3.31)

(0,6) 0.355 227  0.215/0.200 0.208/0.196  0.200/0.188  0.198/0.190 7.87 -2.102217 4.38

0,7) 0.352 2.60  0.214/0.200  0.208/0.197  0.200/0.188  0.198/0.190 594  -2.102410 4.36

(0,8) 0.351 294  0.213/0.199  0.209/0.197  0.199/0.188  0.198/0.190 4.64 -2.102539 435

(0,9) 0.349 3.27  0.213/0.199  0.209/0.197  0.199/0.189  0.198/0.190 372 -2.102632 435

(0,10) 0.349 3.60 0.213/0.199  0.209/0.197 0.199/0.189  0.198/0.190 3.01  -2.102698 434

0,11) 0.348 393  0.212/0.199  0.209/0.197  0.199/0.189  0.198/0.190 251  -2.102749 434

0,12) 0.348 427  0.212/0.199  0.210/0.197  0.199/0.189  0.198/0.190 2.13  -2.102791 434

(n,m)(n=m) (4.4) 1.395 1.68  0.214/0.204  0.204/0.198  0.199/0.188  0.196/0.189 15.56 -2.101447 4.58
(5,5) 1.365 2.04 0212/0.202 0.206/0.199  0.199/0.188  0.197/0.189 11.76  -2.101828 447

(6,6) 1.351 239 0.211/0.201  0.206/0.199  0.199/0.188  0.198/0.189 929  -2.102071 4.40

(7,7) 1.343 274 0.211/0.200  0.207/0.196  0.199/0.188  0.198/0.189 7.74  -2.102230 437

(8,8) 1.337 3.10  0.210/0.200  0.207/0.196  0.199/0.188  0.198/0.189 6.65 -2.102339 435

9,9 1.332 345 0.210/0.200 0.208/0.196  0.199/0.188  0.198/0.189 590 -2.102414 433

(10,10) 1.330 380 0.210/0.199  0.208/0.196  0.199/0.188  0.198/0.189 531 -2.102468 4.32

(11,11) 1.329 415  0.210/0.199  0.208/0.196  0.199/0.188  0.198/0.189 490 -2.102510 431

(12,12) 1.326 451  0.210/0.199  0.208/0.196  0.199/0.188  0.198/0.189 4.60 -2.102544 431

(n,m)(n#m) (12,6) 2.517 270 0.209/0.203  0.205/0.196  0.198/0.187  0.198/0.188 8.54  -2.102146 438
(15,5) 2.755 2.66  0.209/0.202 0.205/0.196  0.198/0.188  0.198.0.187 7.95  -2.102205 435

(20,2) 3.783 2.60 0.211/0.205 0.207/0.196  0.198/0.190  0.200/0.188 544  -2.102456 434

D: diameter. * Every type of bond has two kinds of bond lengths; " strain energy per TiO,of nanotubes; ¢ average energy per TiO, of nanotubes;

‘band gap energy of nanotubes; ° nanotubes reconstruct without any barrier; * Data in the brackets are calculated by PBE method in Dmol® module.
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