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Single-walled carbon nanotubes (SWNTSs) have excited research
ers for several years because of their unique physical and chemica
properties, which can be used in microelectronic, materials science,
and biomedical applicatiodsHowever, many common solvents
cannot offer sufficient solvation forces to suspend SWNTSs yielding
low degrees of solubility.Surfactants or polymers are often used
to stabilize SWNT suspensiofs> The conventional method to
disperse individual nanotubes in aqueous solutions is by high-shea
homogenization and ultrasonication in various surfactant solutions.
While individual nanotubes are coated with a surfactant, some
SWNT bundles remain because of large van der Waals attraétions.
The bundling of nanotubes perturbs the electronic structure quench
ing the fluorescence of SWNT$.Ultracentrifugation is often used
to remove nanotube bundles, but it is limited to analytical scales.
Therefore, alternative routes are needed for large-scale removal of
SWNT bundles.

The adsorption of particles at oil/water interfaces results in
emulsion stabilization. These colloidal-stabilized emulsions were o ] o

Figure 1. Interfacial trapping process for an initial SWNT mass concentra-

first characterized by Pickering in 1967These systems have tion of 0.03 mg/mL. (a) A separatory funnel showing the interface between

recently gained renewed interest because of their ability to self- {he oil and water phases. (b) Optical micrograph of toluene/water emulsions
assemble nanorods at the interfd¢# separate particles, such as stabilized by SWNTSs. (c) lllustration of the adsorption of SWNTs at the

ampicillin and phenylglycine crystal mixtures in water/alkanol interface resulting in changes to the interfacial area and the wetting properties
systemd! and to prepare unique porous structufeRecently, of the nanotube.
Wang, Hobbie, and co-workéfswere the first to show SWNT- T

e . 25 ! ! —— Control
based stabilization of emulsions. Bare nanotubes were used as 662 nm’ 784 nm Interfacial Traps
amphiphobic surfactants that stabilized toluene/water emulsions for ] —— Ultracentrifugation |]
months!3 Later, DNA-wrapped SWNTs were shown to stabilize 20 : n

emulsions for the synthesis of colloidal partictésStabilized

]

emulsions were also seen in length-based separations of function- g 1s : 1
alized SWNTS'® More recently, researchers have begun to use g : :
SWNT-based Pickering emulsions for other applications such as T 10 : : .
controlled release capsutésind lubricating additive® M

In this communication, we introduce a process to remove 052 X . =
nanotube bundles from aqueous suspensions by ldigdid M
interfacial trapping at toluerewater interfaces. Not only is the 0B X . 3
approach simpler than ultracentrifugation, but the resulting suspen- 0.00 L N L L L
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sions also have higher fluorescence intensities indicative of a higher

Confzentratlon of individually .Sulspendedl nafn(;]tubes. ft h Figure 2. Absorbance spectra of Gum Arabic-suspended SWNTs from an
Figure larepresents a typical example of the system after phas€jia| mass concentration of 0.03 mg/mL of raw material. Dotted lines show

separation. As can be seen in the separatory funnel, a stable interthe excitation wavelength used in the fluorescence experiments. The control
phase is formed with a lower aqueous phase less than 1 min afterspectrum (black line) is the sample after homogenization and sonication.
mixing. Optical micrographs (Figures 1a and S1b) confirm emulsion This sample is then subjected to either ultracentrifugation (green line) or
I . : . interfacial traps (red line). Note the break in the absorbance scale.
stabilization by SWNTs with diameters of approximately @.
These emulsions are slightly larger than those formed using only  Vis—NIR absorbance spectra are shown in Figure 2. The
Gum Arabic and also appear to have different distributions of solutions were allowed to settle for at least 60 min to ensure that
emulsion diameter (see Supporting Information). The movement steady state was achieved. The homogenized and sonicated sample
of nanotubes to the interface can be expected from free energy(control) has high absorbance due to the concentration of both
changes induced by changes in wetting and interfacial area as showrindividual (as evidenced by the van Hove singularities) and bundled
in Figure 1cl%1718These energy changes have explained why larger SWNTSs. The absorbance of the suspension clearly decreased after
particles are more stable at the interf&8imilarly, SWNT bundles interfacial trapping, demonstrating removal of nanotubes from the
are likely to be trapped at the toluenwater interface. aqueous phase. In addition, the spectra blue shift and the spectral
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T T T reduced. Figure S4a shows that the fluorescence at low concentra-

L T
 (a) t?la) Control tions has only a slight change after interfacial trapping, while the
—— |nterfacial Traps . . Lo -
z 012f — Ultracentrifugation absorbance in Figure S4b has diminished significantly. The
% (7.5) ©.6) 1 dependence of fluorescence changes on concentration and the
£ 009 ‘ i e reduced absorbance at low initial SWNT concentrations suggest
8 87 1 that bundle removal is responsible for the changes in fluorescence
g 0.06 seen in Figure 3.
g In conclusion, a new liquigliquid method is developed to
S 003 remove SWNT bundles from an aqueous suspension. This new
i interfacial trapping technique offers a simple route to achieve large-
0.00 | scale production of aqueous SWNT suspensions. The significant
0.035 decrease in absorbance intensity combined with increases in
% 0,030 L fluorescence intensity suggests that this method has selectively
5 removed nanotube bundles from the aqueous suspension. Ultra-
£ 0025 [ centrifugation results in better dispersions, but interfacial trapping
§ 0.020 results in aqueous dispersions with higher fluorescence intensities
8 0015 [ and overall yields. However, further studies are expected to improve
§ ootk dispersion quality.
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Wavelength (nm) Smalley Institute at Rice University for supplying the nanotubes.

Figure 3. Fluorescence spectra of Gum Arabic-suspended SWNTs from  Supporting Information Available: Experimental details, optical
an initial mass concentration of 0.03 mg/mL of raw material with (a) micrographs of emulsions stabilized by Gum Arabic and Gum Arabic-
excitation at 662 nm, and (b) excitation at 784 nm. The control spectra are syspended SWNTS, diameter distributions of emulsions, the calculation
the samples after homogenization and sonication. This sample is then ¢ yNT fractions, and fluorescence and absorbance spectra at lower
subjected to either ultracentrifugation or interfacial traps. - ’ . . - .

initial mass concentrations. This material is available free of charge

S . . Lo via the Internet at http://pubs.acs.org.
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