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Abstract

In this work, the electronic structure and the linear optical properties of the zigzag,
armchair and chiral single walled carbon nanotubes (SWCNTs) and peapods (carbon
nanotubes filled by organic molecules), were investigated using density functional theory
(DFT). The calculations were performed by the full potential-linearized augmented plane
wave method (FP-LAPW), employing Wien2K code, in the framework of DFT with
generalized gradient approximation (GGA).

We have calculated first, second, third and fourth optical transitions in several SWNTs
with different chiralities, diameters and lengths.

All optical spectra such as: dielectric function, joint density of states, loss function,
optical conductivity, sum rule, absorption coefficient, refractive index, reflectivity and the
extinction coefficient are calculated for both electric field polarizations, parallel and
perpendicular to the tube axis. It is revealed that the optical spectra are anisotropic along
the two axis and the optical constants for the parallel polarization is found to be much
larger than perpendicular polarization. The Kramers-Kronig transformations have been
used to obtain the optical spectra.

In the metallic nanotubes, like (3,3) and (4,1), the calculations were first done without
considering the intraband transitions contribution and then we recalculated the optical
spectra by adding the intraband transitions contribution, in addition to the interband
transitions. The results are in good agreement with the other theoretical and experimental
reports.

The peapod systems, that were investigated in this work, are the zigzag (10,0) and
(12,0) carbon nanotubes, filled with polythiophene. By encapsulation of the polythiophene
into the zigzag nanotubes, we tried to found out how the presence of the polythiophene
inside the cavity can alter the electronic and optical properties of these nanotubes. In
particular, we inspect new features in the dielectric and the loss functions due to the new
transitions between the states of the polythiophene and the nanotube. It is revealed that
these systems are almost exclusively van-der-Waals bound.

Up to our knowledge there has not been any calculation on this type of peapod systems
so far, so our results can be useful for the future theoretical and experimental studies on
these systems.

. /




Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

Ilas Cuw g8

i Ol gs
00000 S
ZJ}‘ J.‘aﬁ
S s SU S
........................................................................................................ yLa LSJJTQ'Z’ 429;1)[: =
.................................................................................................................. slal $U Coal -
...................................................................................................... L ngﬂo.é slaasls -
....................................................................................................... ujlaja 6)‘5]&‘5.& -Y-)
........................................................................................................... S uslod st L
..................................................................................................... Sl (5108 50 Yoo
.............................................................................................................. J‘jﬂ j)b U‘p‘}} -3



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

A e oS s sl 0\
b oot ool S V=0-)
N s oS sl dy g Y-0-)
VY e oS sldd gL ol 1=Y-0-)
L OO oS Gl Jab glas yls Y-Y-0-)
L oS b A5t s gla s, TY-0-)
NV e Gogd s NT=Y-0-)
VA eeeeeeeeeeeeeeeeevee e G s sy Ledd g gl ONT S5y V-)-T-Y-0-)
VA e CVD ol jbo Sl oY Y-Y-Y-0-)
Y e S S e gh sy F-F-Y-0-)
‘9 Joat
S sl b ksl
YO ettt oS sdJ gl s sl e o)l 5 5l V=Y
V2 e 315 Dlasis amio Y-Y
YA e oS s Ld It gl gl y-Y
TN e oS LA sl goltle Sl f-Y
T oo oS sl sl plas \-¥-Y
L0 SOOI oS sl sl s L Wl Y-f-Y
L SR ool 93 oo S sl b >l 5 A= J JII glaad e o bl g
o ot
Sl ol
A ettt ettt eees &(w,q) S gs @U V- Y
Y e Ko S = 5,08 Ly, Y-y
O e reeeisis e Slg &5d8 pazr 0dels Yoy


http://forum.persian.nanodetails.com/viewtopic.php?f=12&t=398&start=0
http://forum.persian.nanodetails.com/viewtopic.php?f=12&t=398&start=0

Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

FV e Jov(B) ols o Jisl o f-v
FA st (EELS) 05 =1 (6551 S calb O-¥
eoler Joad
S s, b
O ettt eeeets e &lo)3 o Lot \-¥
O orveeeeseeeeeeeesssee e sesess e sl = Oy 8 Y-¥
OO o reeeeeseae et Sl oL v-¥
OV e eeeeeeimmmsssee s essssess s sl =S b 6 5l o f-¥
DA ettt S b ks o-¥
D8 et i =S SYslas g-¥
B e LDA 550 J&o o V-¥
Y ettt (GGA) 48l ppend o 5 A-¥
Y et i on S SWslas | sls s, a-f
s (APW) odd & 585 oo lsel s yo—¥
L2 SOOI LAPW) as ol 55 S ol gal 2 \\-f
L Y (FP-LAPW) LS Joilty L Jast odld 55 S lgal ) \Y-¥
e
B do s V-0
B et Slesloes s Y-0
V') ettt ool S S sls st ¥-0
VY e OYe) S oS d4st \-Y-0
V) et ol ktle N=V-T-0
(A U () SIS oS Aol Sl jolss )y p Y-)-T-0
VE et Sl (g3 bl V=T1-Y-0



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

............................................................................................................... Cdr gl YEYS)-Y0
............................................................................................................... Sl colds Y=Y -0
........................................................................................... Sl Sk pazr odels F-Y-)-Y-0
................................................................................ JCV(E) sl o Jil s 0-Y-V-Y-0
.............................................................................. EELS 0, 1 6550 Gl cab #-Y-)-Y-0
........................................................................................ (X)) J 8 oS dsb Y-v-0
........................................................................................................... Skl \-Y-Y-0
..................................................... N I8 oS dJeb Sal ol gy Y-Y-T-0
.......................................................................................................... S s @U V=Y-Y-Y-0
.............................................................................................................. NS N e "
................................................................................................. S5 e Sl Cls FEY-Y-Y-0
............................................................................................................. Sl colds F-Y-Y-Y-0
.............................................................................. EELS 0, 1 6550 Gl cab 0-Y-Y-Y-0
........................................................................................... Sl S, par sdels FoY-Y-T0

ol O oVl s 8 L s L (FY) Jd sl Kol b el V=Y-Y-Y-0

.................................................................................. (FO) Jdis s oo S 050 Y-r-0
................................................................................................................. R R R P
................................................ () o as oS I50 Sal mlg sy Y-TY0
....................................... ol S5 S b 50 plsl Sl il aodls ¥-r-0
.......................................................................................................... oSkl N=¥Y0
............................................................................................................... Sl sl Y¥ro0
............................................................................................................................. lasles ¥-0
....................................................................... (ve) oS gt s el L 10
............................................................................................................... Gols skl V21=F-0
.............................................................................................................. Sl ool Y %0
..................................................................... (Y oS Al s b L Y-¥-0

\Y



LADL..;‘)A)‘JQ_-&' L;%’JSLSL““JJJ}’L’ &‘)Jﬁjﬁ‘f‘)"é# By

......................................... ol sl V-Y-¥0
- Sl ol TY-¥-0
S S s 0-0
B ('f'"f S g2

Ty =
Y ettt bbbttt b s o sl Jlas

\Y



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

S5 S Sl el 6t (S5 skl eles 3 ke Bl Cormge BB ool Sy

53 (S S Dladad slal o3Il O3 gai 5 S Sl el plad el ls (S
Jolos 5 b5 aals pls ll 5 Cd alS wa) pe B3 K0 sladely Ll sl
Slebadi w315 53 VAA0 Jlu 55 o J b it ol anils Sl Jsl 5 & 55 Sy S
S5 D) Laml gwle Jaw s 144 Jle 53 &S 5 oS cbdJolb cass ol ouslel
2V Ol 51l a8 (g S slse 5l a sl Obe L3 VY123 8 &) s (0nl5 NEC
Sl ol 5 el iy S sladl 6l s, 52 5 Sl - 5 S St 53 oslitad (¢l
S (SOl plounl Vb Sl 3 51 oS sld 5l a5 e ol o)l
D3 O Kamss Olglp ax g 30 ol ldle o3 a8 ol old o VU (LML 5 oS
lad J5U S lajbile 5 o3l bl oy 2 38 3L hee 5 B lasls K
Sl SO (ol e ssbies 5o Gl S Gl pid Sl sl S et
2l IS i s e U8 Sl (23S sl 5 KL dsde s el S

\¥



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

Sl 5l bad 5l woohy e opl CuiS Ol5 o ool 4 8§ s Lol S ol 42

oS Sl (S Gl Bt e S s s S i Bl S
Sl s szl S Slis 3l Jb 5 bl & wil_s (SWONT) o,lis G
S slaslle S son 055 o 1 W6l Sigssba il o Verr gl b 4 Job o
g A Sl s SO (Sl (S ol bl sl pl 8 Sk s sy
oS SISl g sy 5 Ol Sl Sl p8 SO [Vaen 60 B4 e
3 dSse m iSen Sl 5 4505 b (peapod) sty oS Cble os sl S50 Lol
505 >l il e &S s o B4 5 s Sl e (Susd ol gLl W SS0
Al andls laae Sl ok L3 los 1S

S S gad J5l il Pl (Sal 5 SO S el 0 dasn U8 ol s
Qﬁ\gjjﬁa‘)‘o:u'w‘b(bbﬁéudﬂjﬁbaMﬁéuﬂﬁf\;)ubLﬁW}o)\.l}

.Cﬂ.—v\ov\.«i’w)ﬂ

BICES | PP CE e N:MJJ alsl )3 g als o S slad Il 5 me 4 Jol Juad s
CJL.w\}w‘UL}.’Jﬂ th CH"LG-:‘)J‘}€JL€’>’-ﬁr‘}W LSLQM‘)J V.;SJJ‘U QL:.«:[?M‘)J oalazol

C,.w\ o.l:{.)}i ‘UL“)‘VJL%J.‘.@)J Mﬁﬁ LJ'»’«\

\0



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

Sy s

oS sLd Pl S



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

SU g5l o a0 V-

b 3l La0liand 45 ol Jlo lados o | st didr 0T L s o psle 5 436 e

b S 84 gl s, a4 Cald o & diles S eslial 555 8 55 50 e w0 by s sl
-l 53 ek 3l sla et oy 033 slaladdS SIS, lae ey e (55 4!
S Cwbbois pioaS el Cllas 0l 6L S (S Olabes glans e sl
Lol el 03 2 50 05 el ST ol 5 ladyl 3 05 g 03 sl onl slas Ko
S S Som Jile (5358l Glalnl 5 SUGl 355 5 55108 oS i e s
S S S5l on) Gl et o3 andlg e s iolen 5 S See ol
L Glsen S b ol slam sy Lo 0T 55 s 6331909 Jlu 55 56 g5l 08 6 ol
o3ls Lal sl = s | 5L 312 el " There is plenty room at the bottom " ol e
Tl VAVE s s 5S35 psde ol sl (2 ,S0b 558 b s 5L sl 56 (5108
Lalul S (suslord a5 aS o o Lal " 50 (T wlul gy ol L sledlin 3 5l s S
53l I3 S50 SO L ) G 3 0l LSS 5 el (SSE ladil B Sl (Slas gas
2 (st 555 50 GLOS iy ) S35 555 bave 58 Sy bt a8 VAL
oo A5 LAY was Lol s p ke sb 5 U (soslo s wll o grlale (55508 (5 s

\V



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

(=3 NEC S ;2 5 baoml smole Lo 5144Y Jlu 3 oS slad J 56 5 VAA0[V ] UL
sl oml ;s dam did W YU CudS U e sl S bl sl V44T Jlys [Y ]
e ST )3 5 slass Gﬂ&\ﬁ\gﬁwéw\ Llo jod slay sk sb el o by 0
0 BF esSas S Sl dle gy el 58 S S s S e g3l S b (5L
o ) sl S s8R L 33 S s 1 el Ol O S L B A ¢l

N Y]

3lagl U o] Y-
Pl 3 T ) e oS sl s pm s sl SU el gl 3L Y3

Srabslse (b L so5d oo Sloesd slrs (5l laaslll 5o sl 50 Dl peas )
o2l S il sl S Sy Se s Sy Sy Sb Sleo a3 i
o gd e e OF ol LS 5 a8 Oa e 5 5D gled ¢ mabline

s slal s Ll laie adilolo il 5 (S5 505 3lpe Cowo st o 51 Y
3ba) U Sl 5 as sl sl 5Ll bo a5l U wns 53 a5 ol
aS Al dal g Sel Bl e L s 18 05 Sl J ol Ll sl
sbl Cely LIS ol bitadan sl 1y (i 3lp0 Olgn o o 3550 3 eslinal U
AL Al s | 3lge e b BLS T 5 i (655 g0 LS 5

Lal do)ls oS ) dien (6505 Dl oo 4 mbas Cod 5115 (6 20 530 LS 5 =Y
53 Sl 513 kS slse 53 LT 5l eslinad 10 5 (das o (idsy 1y (3L —
dal gt oyl Sl (0355068 5 sreb S8 Al) alead IS0 4y (65,50 0,053 5 O
-2

S i Sl S 15 e il 56 1 et w b Sy Sy Sl (sla s Y
oSS s a5 3l anils ajlt by Koo 5l ek antla slse & s
Slaslpl 53 o el bl 5L (iSlen ol esliul L ds)ls (6 2

A



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

T Ly eSSl

AP PP R UPIPPE R4 S

el Glaniy Ol Sy & Al (e ol 4ty S & yaie S0 (o5l
iy Ols e ke s e sl iy Sl eslinad bl atly Cilie o ke & g
o= ol Gl Ol e 1y Saline glas Sl by L cdl cws SU sl slacs i
DLl shandy o 51 aS s s (S S slas S ile A gate (5551
S T 4 e S S ez $U oosT b ol SKae 1L LI KuSS b ol
A pa b bl s 0T Sle s e
Sl ASoke 45 S o (ghueai 03 S 4w @ 1y 03yl el 1 S

sk e sl SL e

St soslos 56 e

Slols o5l 5L e

U R
S5y ol Slalama s Ll 6 5305 5 0 (o3 (Slapiogm aslllas & aLs o
SU e 3 Jslw LS 5l 5 laslis ( S55 sl se Ol ala opl 53 . )l
My Sl s glasli b o G5 5e OS2 s5 . LS oo 13 addllas 3550 0
pode ol pS 2 53 lE ) S IS B0 elide 3 1) gl s Shas o ol Ol 45 S

el sl s b das e ety s ke S sk a s sl Sy

(KE (5590 b U Y-r-)
sl adllas a5 355 00 Grie SCpd 5 and LSl w0l o gk Sl ala

C_A_M\Q_i\42-}3&\54:.{}.;jbﬁwngl.é)L;Tﬁ.&«;\y)QMc&g;M)‘\é;\y

\4



Lasley 5 o xS o S glad ) U (Sl 5 o5, ol (6l s 2

23 L gh g gy plonil 5 5l 50 JUSI o e sb e (5T s oS 53T sl Sl as
3 S it sl U on sl e bl 1) esle (S Sl st Sl (550000
Jlte gl 3,8 o 18 andllan 5550 (655 Glaslpl 5 bl (S 11 s o 50 5l 50
s e S0 bl 53 1) sl T 5l eslinad b Ol g & plac sy Koo il 5 1 b

sl 13 anllas

Sl 55578 5 PP
S sb sletalesl 5 & bl sy 3 5o 5 ATl el ol 2
Gla STy 5 a5 (g5luans gl bl 5l @3l w53 10 5 s onlie
s ;,_c—b cJ\_JL;a Cewddy wbu 4.1.:.«:} L Y L;'I:-L....Z J,}"’:L;" oaleusl LAJ}Q}A 9 Ubv.ﬂ
adl g sl J&ljwwjjbp&iéé)ﬂ&éjjb Cb i Sl p’\/ Oley aS 545

AL il g b e sl U 0 ege AU

slge 56 Lol g ¥
3 S e Shuates Qs 4y a5 L | sl e Qlasdl bl lidey S slis ;3 b
ol S e DLl il glaslS el 6l L T ol onl bl e
S5 3 S Gl gl d ol 5 S5 ol a3 w Olg e | sl
2B S5y s b abd (D (e (blian (ol (S ST ol ccled
S 5 Gy STy STy S s il a3 ol pU L LT S s
534S osls OLis ol an Ol S0 dlu Jlia ko o tites pliand ol st dhax
Sl S sl s Sl 2ol Js3 BB A B ol el S e S ool Ll

oolde 53 Slae yolg st oS s e 0L Olails glaasl .l slge ol 4 by 0
A 3 by el esle S ld S s cle ol 5 Sl wlide 51 cslie Sl 55U

Som ol b golime gla S5 Db pl oS S8 (ol Vor BY)) 25l iy


http://nanoclub.ir/modules.php?name=News&file=article&sid=170

