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While the scientific and technological potential of single-walled
carbon nanotubes (SWNTSs) has attracted considerable attention
to this ared, progress in the field is currently hampered by the
difficulty of preparing sufficient quantities of high-quality materi-
als. Present purification methods rely on filtration, centrifugation,
and chromatographic techniques to separate the nanotubes from
the residual impurities which usually consist of trace amounts of
catalyst, nanoparticles, and amorphous carbon after the as-
prepared SWNTs (AP-SWNTSs) have been treated with acid or
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oxidizing reagents:8
After we discovered a method for the dissolution of sho

SWNTSs (106-300 nm in lengtP), we expected that the dissolved \‘

materials would be purified by the dissolution proc¥s.

Although this expectation is partially fulfilled, it is now clear that

the dissolution process also takes into solution some of t
impurities that are present in the processed SWNTSs.

Chromatography is attractive for nanotube purification because ) S~
of the power of the method and the fact that fullerene purification 7 2

has relied heavily on this technique. Unlike the fullereHes,
however, most forms of carbon nanotubes are insoluble in orga
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solvents. Thus previous chromatographic purifications of nano- figure 2. UV-visible absorption spectrum obtained from the PDA
tubes have relied on size exclusion chromatography of surfactant-getector of the eluting components, where 1 and 2 refer to the fraction

stabilized dispersions with water as the mobile pttdsdthough

numbers in Figure 1. The large band~a800 nm is common to both

there is a report in which poly(phenylacetylene) wrapped MWNTS fractions, whereas the peak-a700 nm is unique to fraction 1.
were passed through a gel permeation chromatography (GPC)
column? In the present paper we report the separation of soluble SWNTs from the particulate matter that is solubilized in our
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Figure 3. AFM images of (a) as-prepared s-SWNT starting material, (b) fraction 1 in Figure 1, and (c) fraction 2 in Figure 1 (Digital Instruments
Nanoscope IlIA operating in the tapping mode with samples prepared by evaporation of THF solutions of the components on mica substrates).

(1) contains a broad peak between 600 and 800 nm in addition of states of the semiconducting SWNTSs that are about 1.4 nm in
to the monotonic decrease from the peak at 258 seen in both diameter**~18 By comparison of the solution absorbances in the
fractions. We assign this peak to the transition between the first NIR, we estimate that about 50% of the s-SWNTSs elute from the
pair of singularities in the density of states of the metallic SWNTs column in the first fraction. A Raman spectrum of a solution of
with a diameter of about 1.4 nm~(L.7 eV)!*1° We can also the first fraction in Cgshowed the characteristic SWNT bahils
discern features at 550 (2.2 eV) and 490 nm (2.5 eV) in the PDA at 170 and 1590 cnt (the NIR and Raman spectra are included
spectrum of fraction 1, which are seen by other authors in solid in the Supporting Information).
and liquid SWNT sample¥:1® The second fraction does not show the metallic (visible) or
Further support for this assignment comes from the AFM semiconducting (NIR) transitions nor does it show the charac-
images shown in Figure 3 which were obtained on a Digital teristic Raman bands and therefore does not contain SWNTSs. The
Instruments Nanoscope IlIA operating in the tapping mode with AFM (Figure 3c) shows this sample to contain nanoparticulate
samples prepared by evaporation of THF solutions of the and finely divided impurities. Based on these observations and
components on mica substrates. Panel a in Figure 3 shows thehe fact that the TEM is featureless, we tentatively assign the
starting material, whereas panels b and ¢ show the first and secondecond fraction to amorphous carbon and disordered nanoparticles
fractions, respectively. Figure 3a is not representative of the whole that have been rendered soluble by our dissolution process.
sample, but has been chosen to show all three components of the The present results further establish the usefulness of
sample: (1) SWNTSs, (2) nanoparticulate impurities, and (3) finely s-SWNTs?101%22 and bring a new level of rigor to SWNT
divided impurities. Itis clear from Figure 3b that the first fraction purification. The extension of these techniques offers the promise
contains the nanotube material, whereas Figure 3c shows that theof SWNTs sorted by length, diameter, and chirality.
second fraction contains the nanoparticulate and finely divided
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