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The minimum of HR-TEM theory

(an advantage of Cs-uncorrected TEM)
0.21nm
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Direct observation of graphen
network In the case of SWNT
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TEM imaging of individual
functional groups of fullerene
derivatives

Liu, Koshino et al.,
PRL 96 (2006) 088304



Fullerene derivatives

Liu et al.,
Specimen: Kataura and Mrzel
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Co-C3sNH- peapods




Visualization of 1ons trapped
Inside carbon nanospaces
(K, Cs, lodine and FeCls)

Guan et al., PRL (2005)
Sato et al., (unpublished)
Guan et al., (unpublished)
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FIG. 1: Top and side views of geometric structures of potassium intercalated Cgo-peapods, (a)
K1Cgo. (b) KaCgp, (¢) KgCgg, (d) K4Cgp, () KgCgo, and (f) KgCgp. Gray and red circles denote ‘.
carbon and potassium atoms, respectively. I

[

e Typical doping level : x=1~2
— (in K,C,,@SWNT)

* Pichler et al. reported the C.° in heavily doped
peapods

e “Intra- and inter-peapod doping sites”



Determination of handedness of
chiral DWNTSs

Liu et al., PRL 95 (2005) 187406
Hashimoto at al., PRL 94 (2005) 045504
Zhu et al., CPL 412 (2005) 116



FPEEENEFRNER 2 %
.-.__.,1 iﬁ-m_- ._—_u_ﬂ- __.-._.*____-.- xR t R T YN T X

. i LR ¥ 2
_‘.-rn.r.-,_-rq...h i ..f&ﬁ.;...-....# R J
1--_ur#--q___.._.. —.Iq__,h.__r.. TEEN Y 100 RFENE 5 33 # i
LN RN ES o | L | ! ] e
_-.i‘ .-i.l_.t_i.l.‘. ¥ 0 ..‘J AR e s TR ....F.. e | rﬂ -l-_. ﬂ.l.—.._.«_lih.r.iii.l..i.
(TS Fi LN EREY LSRN el c RN e & IT LIS EEL )
.‘l'.__.-....l.b-.___...l.*..-._n._..i.l..l ......‘H—J&.ff. & B AW
o S .'. |.1_IL..I._I.__..-_.......- L n.r.-..r TR T L

- * - .
- s J.l.-..__ul.i.....-_.....-_f. ..r”‘.q...lllhj_r.r

-' 5
i .-l‘--l-ﬁl. 1!.. f—h...'-..-'..l'h

~
i
™
S
™
~—
S
~
0 0]
9\
S
AN
~




Interband optical transitions in left- and right-handed
single-wall carbon nanotubes
Ge. G. Samsonidze et al., Phys. Rev. B69 205402(2004)

The (n, m) nanotube has a mirror image of (m, n).
Let’s define the right handed nanotube when n>m.

Cf. Wildoer et al., Nature (1998), Mayer et al., J. Micors. (2003),



Four combinations of different
optical isomers in a chiral DWNT
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(a) (14, 3)@(17, 10)
(b) (3, 14)@(17, 10)
(c) (14, 3)@(10, 17)
(d) (3, 14)@(10, 17)
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Four combinations of different
tlcal Isomers 1n a chiral DWNT

(a) (14, 3)@(17, 10)
(b) (3, 14)@(17, 10)
(c) (14, 3)@(10, 17)
(d) (3, 14)@(10, 17)



Handedness relationship in DWNT

Specimen Inner nanotube Outer nanotube
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Atomic defects In graphene layers

R. Telling et al., Nature Mat. (2003
Topological defect (5-7 pair through the Stone-Wales process)
Atomic vacanc
Adatom
Inter-la
e Combin
have been predicted by theory.




/Vacancy-adatom pair\

Topological defects ' Nature 430(2004) 870




Formation and annthilation of
Inter-layer defects

A single interstitial and &> R
vacancy pair (I-V pair) e

Gl g e
Mﬁ,ﬂ.‘q
.‘2-. — ’,—.-&-",-.‘-"‘)--.':- —",
Y g e . .
o . A couple of interstitial and
M ﬁ" % . .
. o-;-'--o-:--..,._..:’._,,__.::_"""*-,__,g_o vacancy pairs: a divacancy
T T R and a cluster of two interstitial
M,,_—-&-..,,_ﬂ.‘..___. -
Tt atoms



Defect formation frequency during
electron microscopic observation

Electrons accelerated at 120 kV
60,000 electrons / nm? in a second
300 seconds dose

—
0.3 defects per nm?




FPEEENEFRNER 2 %
.-.__.,1 iﬁ-m_- ._—_u_ﬂ- __.-._.*____-.- xR t R T YN T X

. i LR ¥ 2
_‘.-rn.r.-,_-rq...h i ..f&ﬁ.;...-....# R J
1--_ur#--q___.._.. —.Iq__,h.__r.. TEEN Y 100 RFENE 5 33 # i
LN RN ES o | L | ! ] e
_-.i‘ .-i.l_.t_i.l.‘. ¥ 0 ..‘J AR e s TR ....F.. e | rﬂ -l-_. ﬂ.l.—.._.«_lih.r.iii.l..i.
(TS Fi LN EREY LSRN el c RN e & IT LIS EEL )
.‘l'.__.-....l.b-.___...l.*..-._n._..i.l..l ......‘H—J&.ff. & B AW
o S .'. |.1_IL..I._I.__..-_.......- L n.r.-..r TR T L

- * - .
- s J.l.-..__ul.i.....-_.....-_f. ..r”‘.q...lllhj_r.r

-' 5
i .-l‘--l-ﬁl. 1!.. f—h...'-..-'..l'h

~
i
™
S
™
~—
S
~
0 0]
9\
S
AN
~




Inter-layer defects in bi-layer graphen
(DWNT)

523K




Structural models for the interstitial and
vacancy pair defect

(a) A single I-V pair

(b) A couple of I-V pairs
(c) Simulation in side-view
(d) Simulation in top-view

R. Telling et al.,
Nature Mat. (2003)

Both relaxed by a semi-
empirical potential




Temperature dependence for the
|-\ defect formation
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Recombination of 1-V pair defects

Wigner-energy
release

_..
<n
=

The Wigner-effect: an increase of
internal energy of graphite
moderator after irradiation.

Atomistic mechanism has
been unclear.

Defect formation rate (barns)

&n
=

200 400 600 800 1000
Temperature (K)



The unique structure of
Individual carbon nanotubes has
been finally determined!

«Chirality relationship (nz, m1)@(n2, m2)
PRL 05(Hashimoto), CPL 05 (Zhu)

eHandedness
PRL 05(Liu)

*Defect types
Nature 04(Hashimoto), PRLO5(Urita)

«Atomic-level impurities and dopants
Science 00(Suenaga), PNAS 04(Hashimoto), PRL 05(Guan)
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