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Two types of SWCNT,
metal and semiconductor

There are two (three) types of
Single-Wall Carbon NanoTubes

Chiral map Diameter 1.1 nm 1.2 nm 1.3 nm
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Mechanism of gel separation

SWCNT
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Fundamental technology of M/S

separation of SWCNTSs

SWCNTs in SDS aqueous solution SDS: Sodium Dodecyl Sulfate
Sml 'I ! ] i‘ -

particles of ~g ‘ il gl :
agarose gel
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Metallic l Semi. !
APEX (2009) 125002

M-SWCNT: no interaction with gel
S-SWCNT: adsorbed in gel column
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Large-scale M/S separation

Pilot Plant 8.5 litter column

AKTA Pilot 2 g/day Commercial products

vhE—La=yk o B 4,000 €/g 800,000 €/g
Appl. Phys. Express 2 (2009) 125002 =
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Today's topics

» Single chirality separation using
temperature controlled multicolumn
method

* Filtration of ultra-long SWCNTSs using
glass beads column
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Optical Absorption Spectra

wipeo  Table 1| DNA sequence versus SWNT chirality

slas Chirality Sequences

B & (9,1) (n,m)

@ 8.3) 9,1) (TCC)10, (TGA) 16, (CCA)10
(8,3) (TTATT, (TTA)STTGTT, (TTA)STT

High cost
lelted scalability

(10 5) (TTTA)3T
8,7) (CCG),CC

DNA sequences enabling chromatographic purification of single chirality semiconducting SWNTs.

Absorbance

Different chirality,

Different DNA sequence
Tu, et al., Nature, 460(2009)250
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Multicolumn gel chromatography

Excess amount of
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verloading Effect and Multicolumn method
SWCNT
SDsS =t ¥ dispersion Chirality Sorting!
Sodium Dodecyl Sulfate):
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_, Excess amount of
SWCNT dispersion

2%

Multicolumn method

H.Liu et al. , Nat. Commnun. 2 (2011) 309
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Length sorting of SWCNTs
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Size-Exclusion Chromatography

- 4 System: AKTA Explorer 10s (GE Healthcare)
- e Column: XK26/20 (GE Healthcare)
’ (\3 i Matrix: Sephacryl S1000 (GE Healthcare)
Ve & — Matrix volume: 106 ml (26 mm /200 mm length (26/200))
;; = SWCNT: HiPCO (2.0% Sodium Cholate dispersion)

Sample volume: 2.0 ml

Running Solution: 2.0% Sodium Cholate
Flow rate: 2.0 ml/min

Fraction Volume: 2.0 ml

[

Sample application  Elution
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Size-Exclusion Chromatography of HiPco
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Long SWCNTs from HiPco

* Length: 2~ 5um

* Uniform

* Less impurities
(purified)

AFM image
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eDIPS/DNA .
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How about the glass beads column

for length sorting

Glass beads (100pm) Wakogel® C-100 (150~425um 75%Ll. L)
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Selective adsorption
of over 10 um CNT

y, e L > X & @ .
% § 2%

Before filtration
CNT/DNA(PBS)
Scannning 30um

BESRl  Glass beads column
N (100 um)

Flow through

In the column
Scanning 30um

Scanning 30um
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a7 AIST

Length distributions

Avg. 11.04

Median 11.35
Std.Dev. 4.97

- Before separation

== Upper column
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Summary

e 13 kinds of single chirality SWCNTs were separated by
2-step multicolumn method.
* Length sorting is now possible
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Thank youl!
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