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Armchair tube (10,10)
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Graphite Sheet
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Zone Folding Method
Band Structure of Graphite Sheet = the Band Structure of SWCNTSs
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Band Structure of armchair tube ( ZF vs real LDA calculation)
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Band Structure of armchair tube ( ZF vs real LDA calculation)

(12,12)

(16,16)

3 I — :.;;g;'f % e -.I""‘I|I
) i 1 ..l"-:

zone-folding




real LDA calculation)

Band Structure of zigzag tube ( ZF vs

0)
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Band Structure of zigzag tube ( ZF vs real LDA calculation)
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Optical Properties of Graphene and SWCNTSs



Imaginary part of dielectric function
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Band structure and optical properties of Graphene

The imaginary part of the
dielectric function g,
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Armchair Tubes
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The band structures, matrix elements, and the £,
spectrum for (10,10) carbon nanotube
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g, at zz direction
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Zligzag Tubes
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The band structures, matrix elements, and the £,
spectrum for (10,0) carbon nanotube

[solate CNT (10.0)
B.S. (kp=Ix1x60)

Energy (eV)

3

[

("

Lak

Matrix Element (arb. units.)
Lk

0.5

0.4

0.1

T 1 T -1 & F [T T 1.1 9 B =
| Pl sk dalga bl
.,,++++"‘¢++ R e 4t

+ i

+ Rt

) o

®

[F T
-'":HU

o -

I s
—
-
o —g
EEEE

L

e BT

*

i

Topl = (4 1 ey 18

T 1
e
T i
1-3

PR
4
% =

~—
L
el

Z
P:A’(k)

2
X
N

e | I | I | I
()
Lar
=

(e)

T | I | T | I | T
=




g, at zz direction
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Electronic and Optical Properties of SWCNTSs
under External Transverse Electric Field



Band Structure of (12,12) SWCNT under Different External Field
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The imaginary part of the dielectric function of
armchair nanotubes under different external field
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The band structures, matrix elements, and the £, spectrum
for (10,10) carbon nanotube under different external field
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applications.



Zigzag SWCNTSs under External
Transverse Electric Field



Band Structure of (10,0) SWCNT under Different External Field
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The gap Is reduced significantly; however, the effect of the
electric field on the dielectric function is less pronounced.
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The imaginary part of the dielectric function of zigzag

nanotubes under different external field
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Electronic and Optical
Properties of SWCNT Bundles



Schematic of the nanotubes in (a) (3,3) bundle with rotation 0°,
(b) the (3,3) bundle with rotation 20°, (c) (6,0) bundle with
rotation 0°, and (d) (6,0) bundle with rotation 15°.



The tubes are arranged In a close-packing array



The total energy vs tube-tube distance with different rotational
angles for the (3,3), (4,4), (5,5) , and (6,6) bundles
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The total energy show strong dependence on the orientation for the
n =3g (n,n) bundles, while those of the n % 3q bundles are nearly

Independent of such orientation.



Total energies vs. the rotational angle for the (3,3) ,
(4,4) , (5,5) and (6,6) bundles
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The total energy show strong dependence on the orientation for the
n =3g (n,n) bundles, while those of the n % 3q bundles are nearly

Independent of such orientation.
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The band structure of the (3,3), (4,4), (5,5), and
(6,6) bundles for the different orientations
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The spectrum of the isolated and bundled (3,3), (4,4 ),
(5,5) and (6,6) SWCNTs for different rotational angles
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The band structure along the k, direction for different
K., points of the (3,3) bundles with rotational angle 0°
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The band structure along the k, direction for different

k., points of the (3,3) bundles with rotational angle 20°
3 o, e 43 \\g
R D\ ¢ :
& of A 1
2 -1 - )
[ h '2_ ! =
. k10
3 s
S I~ F -
BoE AHE 5
E wlf= - -
&3 N L
3

k19 isolated
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Zigzag SWCNT Bundles



Total energies vs. the rotational angle for the (5,0) ,
(6,0), (9,0) and (10,0) bundles
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The band structure of the (5,0), (6,0), (9,0), and
(10,0) bundles for the different orientations
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The spectrum of the isolated and bundled (5,0), (6,0 ),
(9,0) and (10,0) SWCNTs for different rotational angles
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Bundled CNT (6,0)



The band structure along the k, direction for different
k., points of the (6,0) bundles with rotational angle 0°
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Bundled CNT (9,0)
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Bundled CNT (10,0)



)

3 ey | ol [l P
W TR W
....._“"”_. \ 1."" ;...._..“___
? & — & = T W
............. I T T .1"“
“ ] ; _.....— q... \

._

.
I |
.1-.. o

el
Wﬁa
&@__ﬂ
Al

)




5

VA

%
| i .._. .....u.a”m.
V0

=2

e

I




Bundled CNT (10,0)
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sSummary

1. The armchair tube remains metallic under external electric field,
but the dielectric function are modified significantly owing to the
subband mixing caused by the external field.

2. In the case of zigzag tubes, the gap is reduced significantly ;
however, the effect of the electric field on the dielectric function is
less pronounced.

3. The total energy and electronic dispersion show strong
dependence on the orientation of the tube in the bundles for the
n = 3qg (n,n) and (n,0) bundles, while those of the n ¥ 3q bundles
are nearly independent of such orientation.

4. The optical properties are strongly influence by the orientation
of the tube In the bundles.

5. For (n,n) bundle a d-type peak at about 0.1 eV appears for
orientation such that the Dy, symmetry is broken.



6. For the case of the (5,0) and (6,0) bundles, the &-type peak
appears at about 0.1 eV due to a pseudogap opening at the
Fermi level.

7. The optical spectrum of the (9,0) bundle is also similar to
that of the isolated (9,0) tube.

8. The gap of the (10,0) bundles is reduced significantly by the
bundling effect, but the modification of the optical spectrum
was found to be less pronounced.
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