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2 Effective potential

® Hartree energy

* Exchange and correlation energy
® Auxiliary functions

\R4



9h o VYIS o o8 Gl 1SS by lawgs

Dyl oy yas N (1) Go Sl JB gadsl uam S -

D9 oo dumline 0dls 00 a9 xSl (JBs by Ver(r) «S5e Jomily -V

wgdise Jo Wi1) qod - 855 90 @l 50 )9] Cewdy jolae 4y o - mgS SYoles Y

D9 oo Al o8 = 95 oo @l 3l oolitul b (g9 Sl S ¥

505 oo )18 oolitul 9590w al>ye (sl adsl (JBs plyie 4 w0sd drile (59Ul JB -0
Sl s 00s] oy 1) arly Sl G5 2SI (S s 0058 S0 98U JSz o5 ol U

35S oo )18 eolainl 5550 008 g Lo 25 g 15«65l oo

Initial density guess
n(r)

> v

Effective Pﬂt'-‘-;“i'] Sy, [n(r)]
ﬂ{l" ’ E:n ﬂ{l‘]
“J\"J\"(r] - Vlr:l +f l — r.l'l dr + 5"‘(1'}

v

Kohn-Sham equation
2
[_%L + V:!H'(r:'] Wi(r) = ¢;W(r)

v

Electron density
N

n(r) = 3 |Wi(r)?

im 1

NO ¢’ YES
Self-consistency criterion 7 ——» Energy

An(r) < o

D5l 095 il L ol 055 salslee Jo by, VYIS

! Iterative method

YA



' Stwon— Jols gy ul F-Y-¥
b g GorSI ST alis S a1 (Gloyd g At jghaz a5 ols LIS el 058 0 o,
U8 ke 998 mnt 5 aseidon By [M(1)] o Sivad Job5 ol a5 conl L5 4l oS

Dged okl o @ 51l plplo ttis oals Sl Sole 4 Jolo- Sen b 580

Gl rdse Sz oy 05 o 00pel’ (LDA) ndge Sz o )55 a5 o iooles
St ol 53 5145 ) V450 Jlo 4 i oysS basgi (Sieran Jols il

il ) Oygo a0 LDA  Stcon— Jols ol .l oo Gy Ko 9,801 518

ELPAIn(M)] ~ [ n(r)eld™e (n(r))dr (1Y-%)

b oo (1) S92 Sz b oSen G928 IS Sl (S 5531 ™ oS

Ghilne 45 il g 2SI S Stcan ol g5l bl o 5o oS SleMbl L pl ol
Ao lior Gy rdge BlgiSh S SUl S Sl ol a5 ol s 4 el pdy Gl ] 580
5 4z ST [V0] 0 o s S 4 o] Slo S a5 35, 0 (Bl (sl U U]
(=9 S I g syt O j30 50 Ll S 0 )15 03 jleans slaS” lawl> gl LDA

S oolaiwl (6,50 bl el yigo (JeSge g @3l 3o wilen

D9 oo wgure LDA (648l dgps g diBl puoni (ga0tud a5 (6,500 (goolaiul o,

53L25 Lol el 0355 Iy anss ol 5 Sslite (slacsany Jges 45 wilie GGA )i
otyeslial 1y 5l L go sl a8 S alowl )i ol 5l cenlin s oal 50,8 oy (sl
b oo [YY] PBE) Ggo,y55,- 5 905 9 [VF] PWOL) SSg-98 0 al ccu i ol (slo nls

—LsJoLgS G-l GGA o 85 )0 .ol 00l 48,5 0 g0 ,a5 ool Ls*?b 09 3l ael okl Qg.\ 4

! Exchange-Correlation Functionals
2 Local Density Approximation
® Generalized Gradient Approximation
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! Basis Set Superposition Error

2 Fast Fourier Transform

* Hellmann-Feynman theorem

* Pulay force

® Spanish Initiative for Electronic Simulation with Thousands of Atoms
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Abstract

In this research because of the unige and intresting properties of nanostructures, nanotubes
and espesially silicon nanotubes pailled by transition metals and thair applications, in
nanoelectronic and spintronic industry, the physical of these structures is investigated. The
calculations are done based on density functional theory (DFT) approach using SIESTA code
with the pseudo-potential approximation. The generalized gradient approximation for the
exchange correlation function of the Prado, Burke, Arznerhof (PBE-GGA) is used. We have
defined the Basic set to form of DZP (Doubl Zeta Polarize).

At first the structural, electronic and stability properties of pristin armchairs silicon
nanotubes (3,3), (4,4), (5,5), (6,6), (7,7), (8,8 ), (9,9), (11,11), (12,12), (13,13) and zigzag
silicon nanotubes (3,0), (5,0), (6,0), (7,0) , (8,0), (9,0), (11,0), (12,0), (13,0), (14,0) (15,0)
(16,0) are studied. Results revealed the Stability of both zigzag and armchair silicon
nanotubes increases with increasing chirality. For the same chirality, the armchair nanotubes
are slightly more stable than zigzag nanotubes. Studies on the band structure of pristin
nanotubes showed that the armchair pristin nanotubes are metallic while zigzag nanotubes

with smaller diameters are metalic whereas with larger diameters have a small band gap.

In continue the (4,4) and (7,0) silicon nanotubes pailled by Separate atoms of transition
metals and (4,4) and (5,5) silicon nanotubes pailled by a chain of transition metal atoms have
been investigated. As a result, the stability of pailled structures by metal atoms, have been
increased. Also the stability of nanotubes increases by increasing the atomic number of
transition metals. Studies on magnetic properties of structures showed that pristin silicon
nanotubes are non magnetic material. If the transition metals in antiferromagnetic phase are
encapsulated in silicon nanotubes, will be negligible changes in the amount of the magnetic
moment. But pailled nanotubes by transition metals in ferromagnetic phase show a significant
increase in the total magnetic moment. Analysis of the band structure of these nanotubes also
resulted the metallic properties. The silicon nanotubes pailled by transition metals are
suggested for the spintronic and electronic applications. Finally (11,0) zigzag carbon
nanotube in pristin state and in pailled state by transition metals studied then the results were

compared to silicon nanotubes.

Key words: SIESTA code, Transition metals, Density Functional Theory (DFT), Nano-
electronic, Spintronics, Silicon Nanotubes, Total Magnetic Moment.
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