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Introduction

Single-wall carbon nanotubes (SWCNTs) is

conceptualized as a seamless cylinder formed by rolling

an atom-thick single layer of graphene. Symetry,

electrical and optical properties of SWCNTs depend on

how it is rolled, which is indicated by a couple of

integer (n,m) called indices.

SWCNTs have a wide range of promising applications,

particularly in electronic devices such as field-effect

transistors (FETs), transparent conductive film for touch

screen and as such have received considerable attention

in recent years. A key obstacle preventing the

development of SWCNT-based electronics is the

coexistence of metallic and semiconducting nanotubes

in as-synthesized materials. Moreover, both metallic

and semiconducting nanotubes contain different

chiralities. This research presents a simple and scalable

method to separate by metal-semiconductor and

chirality of SWCNTs using agarose gel which is low

cost, reusable and widely used in biology.

Materials and methods
SWNTsl used in this research is HiPCo 188.2 in sodium dodecyl sulfate( SDS) solution, debundled with

sonicator and centrifuged to remove amorphous and large bundles. In metallic-semiconducting CNTs

separation, sepharose 2B GE healthcare is employed. In chirality separation, both Sepharose 2B GE

healthcare and Sephacryl S-200 HR GE healthcare are employed. Sodium deoxycholate( DOC) and SDS

are used as eluant. Both sepharose and sephacryl are in form of gel.

Gel is packed in syringe with cotton at the bottom to allow only liquid flow through. Decants are applied

on top of syringe and eluted with different eluants and different concentration, resulting in different

fractions of CNTs.

Results

Conclusions
Comparing to other methods such as DGU, electrophoresis, agarose gel based method is simple and scalable. In

present research, semiconducting tubes are successfully separated from origin HiPCo SWCNTs, using syringe filled

with sepharose gel in 20 minutes. Moreover, we have successfully enriched (10.5) and (6,5) tubes with a few more

steps using syringe filled with sepharose and sephacryl.

We also found that, for metal-semiconductor(M-S) enrichment, the separation process occurs at pH from 6.5-7.

Armchair selective wasn't observed in sepharose based separation. Sepharose gel structure is destroyed when pH

becomes below 2.

It is predicted that SDS molecule attaches to metallic tubes strongly than it does to semiconducting tubes and DOC

molecule attached to metallic tubes as strong as it does to semiconducting tubes. The higher concentration of SDS

eluant, the more tubes come out of gel. It is also found that very large diameter tubes bind very strongly to sephacryl.
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Fig. 2. Dark green is semiconducting tube.
Pink is metallic tube. Green-yellow is (10,5)
enriched tube.

Fig. 3.Schematic of extracting CNTs using 

syringe filled with sepharose

(a) (b)

Fig. 6: a) Sample of Green-yellow line shown in figure 5 is put through column of sephacryl, larger

diameter tubes is trapped in sephacryl. DOC 1% is used to elute the gel, resulting a blue liquid of

indices (10,5) enriched. b) Indices (6,5) is enriched by using sephacryl.
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Fig. 1. Different chiral angle tubes have 
different properties.

SDS 1% SDS 8%

Fig. 4.Absorption of separated Metallic pH of

eluant(SDS 1%). Blue, green, black, red are

respectively metallic CNTs produced by SDS 1%

with pH corrected to 6,7,8 and uncorrected. All

metallic CNTs fractions show sharp peak in

M11(450nm-650nm), giving proof of enrichment

of metallic tubes. Metallic CNTs fraction shows

depression in S11(950nm-1350nm) and

S22(650nm-950nm), proving that semiconducting

tubes are reduced. For metallic CNTs separation,

uncorrected pH of eluant shows best result.

Fig. 5.Absorption of further purified CNTs.

After metallic tubes are collected, SDS 2% is

applied into syringe to collect green-yellow

fraction which is enriched with (14,8) and

(10,5) tubes. Leftover tubes in syringe is

collected as a blue liquid with DOC 1%.

Black line is pristine CNTs. Green-yellow

line is (14,8) and (10,5) enriched fraction.

Blue line is leftover liquid, which has

depression in M11, indicating absence of

metallic tubes.

Fig. 7: Using SDS 8% as eluant,

3 fractions are formed in syringe.

Green is semiconducting tubes

enriched fraction. Yellow is

(6,5) enriched fraction. Blue

contains mainly conducting tubes

with a few enriched tubes which

is possibly further separated to

produce single chiral enriched

CNTs.
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