Single chiral extraction of single-wall
carbon nanotubes for the encapsulation
of organic molecules

Single chirality
purficiation a "€1000

Excitation wavelength [nm]

1400 1600 1800 2000 700 8 4
Emission wavelength [nm] 1400 1600 1800 2000

Emission wavelength [nm]

JACS 134, 9545 (2012)

Kazuhiro Yanagi
Tokyo Metropolitan University



Contents

Purpose of this study

How to extract (11,10)
SWCNTs

How to produce
C.o@(11,10) and their
unigque properties

Summary



’ --—?-y*“ _ = 3 3 .
- «J___z_:.’ ~ 1 Smithetal,
Research background T o R

* Peapods %\ 1998
— Control of physical properties of SWCNTs (dopmg etc)

— Unique molecular reaction space
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All the peapods are in a mixed chirality states of SWCNTs



Preparation of single-chirality state of
peapods is important

Example:
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Two different excited-energy relaxation processes



Depth (mm)

Recent progress of purification techniques
SWCNTs with diameter less than 1.0 nm
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Purpose of this study

—Preparation of single-chiral state of SWCNTs with diameter around 1.4 nm, which is
large enough for molecular encapsulation



Our approach: Difference of densities of
SWCNTs
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Difference of densities becomes small
NI as the diameters of SWCNTs become large
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Improvement of sorting capability



Advantage of cesium chloride as gradient media

lodixanol --- 160
1.4 — : / :
“+7--- lodixanol O
— S 7))
S CsCl — 1.55 cj?(_ﬁ
\E?n 1.3 7 wn
o FI'.
_ > - 150 <
o = o~
c un 1.2 Q
wc C N
xX 0 — 145 3
5 B =
o 1.1 —
- — 1.40
s b i
1 1T T T T T T T T T T T 1
1 3 5 7 9 11_13 15 17 19 21 23 25 27 29
Fraction No. 65,000rpm
9h

CsCl will improve the sorting capability!

CsCl sorting

MetaI/Seml sorting — “Diameter sorting”?

—> “Single chirality ”?



CsCl sorting upon SWCNTs with
diameters around 1.4 nm

Pristine SWCNTs with
diameter of 1.4 nm
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CsCl sorting upon SWCNTs
with diamter of 1.4 nm
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Sorting mechanism
~MD simulation to estimate potential energy for
a surfactant to adsorb on SWCNTs™
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" Potential energy at (11,10) is lowest among other semiconducting chiralities

*Potential energy tends to be small as the chiral angle becomes large



Encapsulation of C, into (11,10) SWCNTs
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How to encapsulate C60 inside (11,10) SWCNTSs

Encapsulation of C, into a thin film of (11,10) SWCNTs

Procedure

Formation of a thin film upon a glass substrate

Anneal at 500 °C ‘

Sublimation at 600 °C for 24hrs \“ _ Aﬁa

- - —

“@

Wash with toluene and anneal in vacuum

¥

(11,10) peapods



C., encapsulated into (11,10)SWCNTs
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Normalized Raman intensity

Shift of Radial breathing mode
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Clear softening of RBM by encapsulation



Raman intensity [arb. units]
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RBM shift [cm']

Relationships between RBM shift and
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RBM shift:

Positive: Steric hindrance
Negative: hybridization of
Nearly free electron state




Summary
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Single-chirality peapods:
Key to clarify unsolved-phenomena
observed in peapods
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