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Chemical control of the endohedral volume of single-wall carbon nanotubes (SWCNTs) via liquid-phase filling is established 

to be a facile strategy to controllably modify properties of SWCNTs in manners significant for processing and proposed 

applications. Encapsulation of over 20 different compounds with distinct chemical structures, functionalities, and effects is 

demonstrated in SWCNTs of multiple diameter ranges, with the ability to fill the endohedral volume based on the 

availability of the core volume and compatibility of the molecule’s size with the cross-section of the nanotube’s cavity. 

Through exclusion of ingested water and selection of the endohedral chemical environment, significant improvements to 

the optical properties of dispersed SWCNTs such as narrowed optical transition linewidths and enhanced fluorescence 

intensities are observed. Examples of tailoring modified properties towards applications or improved processing by 

endohedral passivation are discussed. 

Introduction 

Spontaneous ingestion of solvent, typically water, during 

liquid-phase dispersion of single-wall carbon nanotubes 

(SWCNTs), and its deleterious effects on nanotube properties, 

is an endemic but often-neglected phenomenon with strong 

implications for the development of nanotube applications. 

Whether because of insufficient community awareness, view 

of these effects as higher order problems, or practical 

limitations due to the substantial additional effort required to 

isolate closed-ended (empty) SWCNTs after dispersion,
1,2 

little 

literature work has focused on controlling the endohedral 

volume. This is despite observations such as narrower optical 

transition linewidths and significantly brighter fluorescence 

efficiencies (≈ 2.5X) for empty SWCNTs.
1
 Water-filling 

furthermore modulates the exciton decay pathways,
3,4

 and, 

given assignment of significant variance in device applications 

to exohedral water,
5,6

 is potentially a significant source of trap 

states or other adverse effects for applications such as digital 

logic
7
 or sensor platforms.

8,9 

In this contribution we demonstrate controlled filling of the 

SWCNT core with organic molecules of different structure and 

functionality through liquid-phase ingestion prior to aqueous 

or nonaqueous liquid-phase dispersion of the nanotubes. This 

novel capability leads to controllable modification (generally 

improvement) of SWCNT properties relative to uncontrolled 

solvent ingestion. Filling of immiscible, and to a lesser extent 

partially miscible, molecules, is found to be robust and 

applicable across multiple solvent systems. Our method is 

distinct from gas-phase (sublimation) –filling
10–17 

in its ease 

and breadth, solution ingestion of salts or fullerenes in goals 

and scope,
18–23

 and from previously investigated swelling of 

external micellar volumes on a dispersed nanotube’s surface
24–

27
 in stability and flexibility. We also show, vide infra, that this 

filling is indeed solely endohedral in the dispersed SWCNT 

populations, and that those populations can readily be 

processed by literature SWCNT separation methods to obtain 

uniquely controlled sub-populations. 

The primary motivation for this contribution is the idea of 

passivating the interior volume, i.e., filling the nanotube with a 

low dielectric molecule to provide a barrier against water-

filling while being generally non-disruptive to the electronic 

structure of the SWCNT. This does not imply that more active 

molecules cannot be encapsulated through liquid phase 

ingestion, as recently demonstrated for purposes beyond 

serving as a passive modifying agent.
28,29

 The size of the 

endohedral volume to be filled depends on the specific 

structure of each nanotube species (chirality), defined by the 

vector pair (n,m) which describes the wrapping vector of the 

hexagonal carbon lattice comprising the cylindrical nanotube.
30

 

Depending on the (n,m) species, and assuming an exclusion 

distance from the carbon lattice similar to the interlayer 

spacing in graphite, ≈ 0.34 nm, the diameter of the circular 
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core cross-section varies from < 0.5 nm to > 2 nm across 

commercially available SWCNT populations. Importantly, 

water is known to fill even the smallest diameter nanotubes,
31

 

whereas it can be expected that filling molecules larger than 

water should exhibit a size-dependent sieving threshold, as 

indeed demonstrated for a stilbene-based molecule.
29

 As an 

initial set of test molecules, saturated linear and cycloalkanes 

are obvious choices for examining the effects of passivation 

along with the size-dependent effects of endohedral filling. 

Results and discussion 

Absorbance spectra of electric arc (EA) SWCNTs, average 

diameter ≈ 1.45 nm, dispersed in aqueous sodium 

deoxycholate (DOC) solution with six different endohedral 

fillings besides/in addition to water are shown in Fig. 1a. Peak 

features in the spectra arise from the strong interband optical 

transitions of each SWCNT species, with the groupings of 

transitions related to the S11 (1400 to 2000) nm, S22 (≈ 850 to 

1200) nm, M11 (≈ 600 to 800) nm, S33 (≈ 450 to 550) nm and 

higher order transitions; Sii and Mii indicate the interband 

optical transitions for semiconducting and metallic nanotube 

species, respectively. An important primary observation is that 

the wavelength of each peak feature is significantly different 

across the spectra in Fig. 1a with three groupings: empty 

nanotubes display sharp, blue-shifted, peak positions; water-

filled nanotubes broad, red-shifted, peak positions, and 

alkane-filled nanotubes sharp peaks with wavelengths closer 

to the empty than water-filled positions. Spectra for SWCNT 

populations encapsulating linear alkanes of other lengths as 

well as 16 additional linear and cyclic alkane variants are 

shown in the Electronic Supplementary Information (ESI).  

Prior contributions have recognized the environmental 

dependence of the optical transition energies of the SWCNTs 

in terms of a solvatochromic effect sensitively influenced by 

the surrounding (encapsulated) dielectric 

environment.
3,21,25,26,32–35

 However, effects from interior and 

exterior environments are
 
infrequently distinguished. In the 

data presented in Fig. 1, the external environment is common 

to each of the dispersions, and thus the observed peak shifts 

are direct evidence of successful filling with the specified 

alkane compounds for these larger diameter nanotubes 

(average carbon centers definition diameters of ≈ 1.45 nm). 

For each of the shown encapsulation examples, ingestion was 

accomplished simply through immersion of the dry parent soot 

in a volume of the liquid material (see section S1 in the ESI for 

experimental details). Endohedral filling is spontaneous and 

likely occurs rapidly, although we exposed each soot for 

≈ 24 h. Exohedral molecules are removed through filtration of 

the soot from the bulk liquid, followed by a rinse step with a 

solvent for the filling molecule, typically ethyl acetate. Likely 

due to steric effects from the SWCNTs already being filled, this 

solvent is not encapsulated. Dispersion of the nanotubes is 

then performed using the filled-core SWCNTs as the parent 

material in typical aqueous or non-aqueous dispersion 

procedures. Importantly, qualitatively little change, possibly 

even improvement, is observed in the dispersion efficiency (for 

well-rinsed powders) on a mass basis (ESI), while the optical 

properties of the achieved SWCNT dispersion are dramatically 

improved. 
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Qualitatively, the sharpness (i.e., reduced apparent peak 

width) of the alkane-filled peak features in Fig. 1a generally 

improves with increasing alkane chain length, with a different 

distribution structure observed for cyclic filler molecules. 

These populations were all purified in the same manner, and 

thus this variation probably reflects molecular packing 

differences, such as molten vs. solidified core volumes, more 

so than purity differences across the shown samples. To 

further highlight this, Fig. 1b presents the spectra of the 

empty, docosane (C22H46)-filled, and water-filled EA SWCNTs 

from Fig. 1a without the offset. Plotted in this manner, the 

narrower transition linewidths and blue-shifted peak positions 

of the empty and docosane-filled SWCNTs compared to the 

water-filled SWCNTs are clearly apparent, as is the equivalence 

of the diameter distribution (common range of absorbance 

transitions) in the three samples. Lastly, since only D2O/DOC 

contributions to the absorbance are subtracted in the shown 

spectra, the similarity in the total integrated intensity of the 

three spectra indicate equivalent cleanliness of the 

populations being compared, and that the filling process does 

not result in additional impurities being dispersed.  

 Large-scale utility of controlling the endohedral 

environment is only truly useful if it can be accomplished 

without disrupting the applicability of other processing 

methodologies for separating subpopulations of nanotubes. 

Fig. 1c shows the absorbance spectra of separated metallic and 

semiconducting populations of hexadecane-filled SWCNTs 

generated via aqueous two-phase extraction (ATPE) without 

modification to the reported procedure.
36,37 

Separation of the 

two sub-populations is hence consistent with the previous 

separations of water-filled or empty SWCNTs, and the peak 

positions associated with endohedral filling are unchanged by 

the separation. This demonstrates that the alkane-filling is 

robust to the separation procedure and vice versa. Endohedral 

filling can furthermore be easily applied to improve nanotube 

separations such as density gradient ultracentrifugation 

(DGU)
38

 by utilizing a significantly denser (lighter) than water 

filler molecule such as a halogenated alkane (linear alkane) to 

increase (decrease) the spread in buoyant densities (ESI). 

 The observation that all 22 liquefiable neat organic 

molecules tested were encapsulated via the simple filling 

procedure implies that each of the molecules can adopt a 

conformation(s) fitting within the available cavities of the EA 

SWCNTs. SWCNTs of the cobalt-molybdenum catalyst 

(CoMoCat)
39

 or high pressure CO disproportionation (HiPco) 

methods, however, are significantly smaller in diameter and 

thus are likely to display size-dependent encapsulation. In Fig. 

2, absorbance spectra are shown for CoMoCat and HiPco 

SWCNT populations without controlled filling (water-filled), 

exposed to hexadecane pre-dispersion, and exposed to cis-

decalin pre-dispersion. Clear shifts indicative of endohedral 

filling by the linear alkane are apparent for almost all optical 

transition peak positions for the hexadecane-exposed 

nanotubes relative to their water-filled controls. Although the 

(7,5) S11 peak (at 1033 nm) and several others are not 

observed to shift, S11 features originating from the significantly 

smaller diameter (6,5) and (9,1) SWCNT species do shift, 

indicating it is likely that all SWCNT species > 0.757 nm 

diameter can fill with the linear alkane. The lack of clear peak 

shifts in absorbance for SWCNT species having a diameter 

above this threshold thus may indicate that either they are not 

filling due to structure-specific packing effects, or that the 

specifics of the filling affect the optical transitions in a manner 

more complicated than simple dielectric modulation in the 

small diameter SWCNT limit. The latter hypothesis is 

supported by the observation that the S11 peaks for the equal 

diameter (6,5) and (9,1) SWCNT species shift in opposite 

directions (red versus blue shifted respectively) with alkane 

filling; fluorescence and Raman scattering results (vide infra) 

are also consistent with this view. Interestingly, the opposite 

shifts of the (6,5) and (9,1) SWCNT species are made more 

obvious because not all of these SWCNTs are being filled with 

exposure to the alkane. We hypothesize that this is likely due 

to partially blocked access to the nanotube interior during the 

filling process, as prior results for water-filling indicate that 

SWCNTs either fill completely or not at all.
3
 In fact, for the 

small diameter nanotubes, we found that additional 

processing (furnace annealing, see ESI) was necessary to 

enable filling during alkane exposure even when the parent 

soot would spontaneously fill with water. Once annealed 

however, bimodal features in optical characterization are not 

observed for SWCNTs larger in diameter than the (6,5) tube 

(vide infra), which suggests that the fraction filled by the 

hexadecane must approach 100%. Partial filling of the (6,5) 

tube may thus be an artefact of our non-optimized annealing 

methodology. 

 In contrast to the hexadecane results, and the results for 

EA SWCNTs, the significantly wider cyclic molecule cis-decalin 

is not uniformly encapsulated in the small diameter SWCNT 
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populations. As would be expected for size sieving-based 

exclusion, none of the peaks in the absorbance spectra for the 

CoMoCat SG65i or EG150 materials visibly shift from their 

water-filled positions with attempted cis-decalin filling. In the 

somewhat larger average diameter HiPco SWCNT population, 

only S11 absorbance features > 1310 nm are affected 

significantly by cis-decalin exposure (i.e., peaks due to SWCNTs 

larger than those found in the EG150 population). These 

observations imply a threshold size for filling of approximately 

the (9,7) chirality diameter (1.103 nm), matching a previous 

sieving threshold observed by Cambré et al.
29

 for filling 

SWCNTs with a similar, but conjugated and therefore more 

rigid, ring structure dye molecule p,p’-

dimethylaminonitrostilbene. More sensitive fluorescence-

excitation and Raman measurements on the cis-decalin 

treated EG150 sample (vide infra) modify this observation 

somewhat and imply that the threshold is instead the slightly 

smaller (8,6) SWCNT species, which is not well resolved in the 

absorbance data due to spectral congestion. Also of note is 

that the presence or absence of peak shifts for each of the 

common SWCNT chiralities is consistent regardless of the 

parent material, illustrating both the reproducibility and 

consistency of the applied filling procedure. 

The observation that attempted filling of small diameter 

nanotubes with larger molecules yields water-filled SWCNT 

spectra not only implies the expected presence of a sieving 

phenomenon in the filling process, but also provides evidence 

that the observed spectral shifts are not due to alternative 

explanations such as exterior adsorption or cleaning of the 

nanotube surfaces via the pre-dispersion exposure to the 

organic molecule. Additional experiments (ESI) also show that 

the effect observed here is very different from the effect of 

transient micelle swelling observed previously
26

 for SDS-coated 

SWCNTs in aqueous dispersions in which various hydrophobic 

solvents were added and then allowed to evaporate. Briefly, 

water-filled SWCNTs in DOC/water show no spectral changes 

after mixing with an alkane solvent (ESI), nor do 

alkane/cycloalkane-filled SWCNTs change their spectral 

positions even if the dispersion DOC/H2O medium is 

exchanged for DOC/D2O via multiple ultrafiltration/dilution 

steps. These results are consistent with endohedral filling 

rather than a micelle swelling phenomenon. Moreover, closed-

ended and therefore empty SWCNTs are found to be 

unaffected by exposure to alkanes (ESI). 

 We also performed polarization-modulation infrared 

reflection-absorption spectroscopy (PM-IRRAS), X-ray 

photoelectron spectroscopy (XPS), analytical 

ultracentrifugation (AUC), fluorescence-excitation 

spectroscopy and Raman spectroscopy to validate the 

endohedral filling. For PM-IRRAS and XPS measurements, 

perfluorooctane (C8F18)@EA SWCNTs and water-filled EA 

SWCNT dispersions were filtered and extensively washed to 

produce a pair of nominally surfactant-free nanotube 

buckypapers for the measurement. In both experiments, only 

the exposed film expected to contain endohedral 

perfluorooctane displays features associated with the 

presence of fluorine, with particularly clear observation of a 

significant quantity of fluorine in the XPS spectra (ESI). As both 

buckypapers were processed identically, extensively washed, 

and exposed to high vacuum, the presence of fluorine in only 

the exposed sample film is a strong indicator that 

perfluorooctane was ingested as proposed. 

 Similarly, density contrast measurements on different 

dispersed alkane-filled SWCNT populations in the AUC
40,41

 

resulted in findings consistent only with the filling of the 

endohedral cavity by the expected molecule. Previously, we 

measured an average anhydrous density of (1317 ± 10) kg/m
3
 

for empty EA SWCNT, and ≈ 1530 kg/m
3
 for water-filled EA 

SWCNT.
42

 Based on these values and the bulk densities of 

water, the applied linear alkane (C22H46), and C8F18 (1000 

kg/m
3
, 778 kg/m

3
 and 1777 kg/m

3
 respectively), expected 

values of 1483 kg/m
3
 and 1692 kg/m

3
 for C22H46 and C8F18 filled 

SWCNTs can be projected, respectively, if the filling efficiency 

is similar for the three materials. Our actual measured values 

for the water, C22H46, and C8F18 filled populations, shown in Fig. 

S10 (ESI), are (1510 ± 19) kg/m
3
, (1429 ± 13) kg/m

3
, and (1564 

± 17) kg/m
3 

respectively. These data are consistent with the 

expected relative filler densities, but indicative that the bulkier 

tetracosane and perfluorooctane molecules each pack at a 

reduced molecular density relative to water (a much smaller 

molecule) and their unconstrained bulk densities (≈ 75 % and 

71 % respectively).  

 Lastly, the frequencies of the resonant radial breathing 

modes (RBMs) in Raman scattering were measured for small 

diameter CoMoCat and HiPco SWCNTs (Fig. 3) and large 

diameter EA SWCNTs (Figs S10 and S11) of both alkane and 

water-filled populations at selected excitation wavelengths. In 

each case, clear shifts of the RBM frequencies were observed 

for most of the probed species. Note that Raman RBM modes 

are only observed for SWCNTs for which the excitation laser 

energy is sufficiently close in energy to their optical 

transitions.
43

 Interestingly, both hardening (i.e., shifts towards 

higher frequency, indicating greater phonon energy of the 

vibration) and softening (i.e., shifts towards lower frequency) 

of the RBM frequencies were observed for the alkane-filled 

tubes relative to the water-filled RBM frequencies of the 

different species of SWCNTs. This is likely caused by different 

arrangements of the ingested alkane inside the core volume of 

the various diameter SWCNTs, as has also been observed for 
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some gas-phase filled molecules.
44

 The observed RBMs with 

filling are, however, always hardened compared to those for 

empty nanotubes.
31,45

 It is clear from Fig. 3 that only part of 

the RBM intensity of the alkane-exposed (6,5) species hardens 

relative to the reference water-filled sample, indicating that 

only a part of the (6,5) population is alkane-filled with the 

utilized processing. That the hardened shoulder originates 

from the hexadecane-filled fraction is confirmed by the Raman 

resonance energy profile (ESI). The RBM of the (7,5) species is 

also measurably hardened relative to water-filling (≈ 0.7 cm
-1

, 

Fig. S12), indicating that the lack of an absorbance peak shift is 

likely due to structural packing effects of the alkane rather 

than a lack of filling. Lastly, the (6,4) SWCNT is unchanged in 

spectral position in both absorbance and Raman RBM 

measurements, suggesting that the linear alkane is not 

ingested in this SWCNT under the applied processing, although 

it is also possible that the alkane-filling simply yields 

undistinguishably changed values. 

In addition to the effects on the absorbance and RBM peak 

positions, it is also anticipatable on the basis of comparison to 

empty vs. water-filled nanotube optical properties
1–3

 that the 

near-infrared (NIR) fluorescence of alkane-filled SWCNTs 

should be significantly enhanced relative to water-filled 

populations. A comparison of excitation-emission contour 

plots for the small-diameter EG150 CoMoCat populations with 

hexadecane and water-filling, shown in Fig. 4, immediately 

validates this hypothesis. Emission intensity is indeed 

significantly increased for hexadecane-filling, with comparison 

of intensities for the most prominent species yielding ratios of 

≈ 2.5 X to 3 X at the peak positions for the alkane-filled 

SWCNTs; the exception is the (6,4) SWCNT, which is 

unchanged within measurement uncertainty, consistent with 

the above indications that it is not filled by the linear alkane. 

These enhancements in fluorescence intensity are similar to 

those observed for empty SWCNTs (≈ 2.5 X)
3
 relative to water-

filled SWCNTs. Additional experiments with laser excitation, 

time or single particle resolution, purified populations and 

integration of emission intensity will be required to establish 

exact values and sources for the improvement. 

 Focusing on the different chiralities, consistent peak shifts 

are observed in the absorbance and fluorescence 

measurements (both in emission and excitation). Notably, 

however, although the fluorescence peak of the (7,5) SWCNT 

does not show a shift with alkane filling (as in the absorbance 

spectra), the intensity is increased relative to the water-filled 

SWCNTs; this indicates, along with the RBM shift (Fig. 3), that 

this species is indeed alkane filled. 

Literature reports describing shifts of SWCNT transitions in 

various (exohedral) environments vs. SWCNTs in vacuum or air 

explain this behavior in the context of solvatochromism, which 

is the reduction in energy of the optical transitions due to the 

stabilization of the excited state by the dielectric medium 

(solvent Stark effect).
25,32–35,46

 Here, we have the opportunity 

to look at the shifts induced by endohedral filling. Comparing 

the peak positions of hexadecane-filled SWCNTs and water-

filled SWCNTs in either Fig. 1 or Fig. 3, to those reported for 

empty SWCNTs in DOC/D2O,
1,3

 we find that alkane-filling 

redshifts all SWCNT transitions relative to vacuum, but 

generally significantly less than water-filling induces. These 

behaviors are expected based on each alkane’s lesser, but still 

greater than vacuum/air, dielectric constant relative to water’s 

dielectric constant. Additionally, the endohedral alkane-filling 

driven shifts (ranging from less than -1 meV up to more than -

15 meV) are generally smaller than exohedral-driven shifts 

reported for SWCNTs in apolar microenvironments.
25

 From an 

engineering standpoint, control of the dielectric constant 

should enable choice of smaller shifts by filling with low 

dielectric compounds and larger shifts from high dielectric 

compounds, although the actual shifts will also be affected by 

specific molecule-SWCNT chemical, physical or higher order 

electronic interactions. 

For more advanced analysis of the solvatochromic 

description of these effects we examine the endohedral-filling 

driven shifts vs. SWCNT diameter (by plotting E11
3
⋅∆E11 vs. 1/d

5
 

as in Silvera-Batista et al.
25

 and Larsen et al.,
35

 Fig. 5), revealing 

an increasing effect with decreasing diameter for both alkane-

filling and water filling. This is similar, but smaller in 

magnitude, to the behavior reported in exohedral apolar 

solvents.
25

 However, while exohedral shifts are reported to 

closely follow a linear behavior, the endohedral shifts 

observed here display, especially for the alkane-filling, clear 

chirality-dependent variation from the average trend. Most 

likely, the narrower SWCNTs especially, are sensitive to the 

particular arrangement of the encapsulated alkane, which will 

in turn depend on the exact geometry of the different SWCNT. 

Indeed, even SWCNTs of different species but identical 

diameter can exhibit markedly different spectral shifts (e.g., 

the (6,5) and (9,1) SWCNTs show respective shifts of ≈ -15 meV 
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and -4 meV). These results are not surprising given the 

geometric differences between internal filling and external 

surrounding
47,48

 and the packing variations likely to be 

encountered due to the near-atomic length scale of the pore 

cross sections.
13

   

A common feature of nearly all of the compounds presented 

for encapsulation is their relative to near total immiscibility 

with the bulk solvent (water). As it is also possible to disperse 

nanotubes in non-aqueous environments, it is worth noting 

that extemporaneous solvent-filling is almost certainly present 

in those circumstances, and should also be subject to exclusion 

by intentional pre-encapsulation of an immiscible compound. 

A comparison of poly[(9,9-dioctylfluorenyl-2,7-diyl)-alt-co-

(6,60-{2,20-bipyridine})] (PFO-BPY) dispersed SWCNTs in 

toluene
49

 with/without encapsulation of perfluorooctane 

(C8F18) is shown in the ESI to demonstrate the broad 

applicability of the phenomenon. Interestingly, we also have 

evidence for stable encapsulation (over months) of volatile 

and/or even water-miscible solvents in SWCNTs dispersed in 

water/DOC, including pentane and ethyl acetate (ESI). A 

possible explanation for this observation is that the DOC 

dispersant molecules may “cap the bottle” on the endohedral 

contents given the processing method, which would further 

broaden the utility of incorporating controlled filling. 

 Optical linewidth improvements are not the sole 

justification for incorporating an endohedral filling molecule 

into a SWCNT. Ingestion of cations along with water during 

dispersion with ionic surfactants may be a particularly 

pernicious, and to date unexamined, source of nanotube 

device variation made from solution-separated materials. 

Passivation of the core volume with a passive hydrocarbon 

should prevent such ingestion
50

 while still being removable by 

typical heating/vacuum processes used in device fabrication. 

Similarly, the increase in fluorescence intensity of narrow-band 

emitting, small diameter SWCNT populations by alkane-filling 

will improve the potential for effective SWCNT-based sensors, 

devices, and theragnostic applications,
51

 given that empty 

nanotubes are difficult to isolate and are only present, if at all, 

in small fractional percentage, < 10 %, in most SWCNT 

materials. Alkane-filling instead offers a near 100 % efficient 

redirection of would be water-filled into alkane-filled SWCNTs 

enabling the use of tailored optical properties and reduced 

material variation through a simple, high-yield process. We 

lastly point out that simple controlled endohedral filling 

enables a broad swath of previously non-performable scientific 

investigations. Empowered investigation directions will include 

measurements of molecular self-diffusion and melting/boiling 

point effects in highly constrained one-dimensional cavities (of 

selectable diameter),
52,53

 attempts at contrast improvements 

for scattering techniques, as well as application of modified 

nanotube properties for optimization of other separations 

strategies such as DGU. Straight forward expansion of the 

method to include ingestion of active molecules points 

furthermore towards, doping control, investigation of SWCNT 

deformation by confined molecules,
23,54

 directionally 

constrained polymerization,
55

 and/or controlled endohedral 

chemical modification of the nanotube sp
2
 lattice.

56
 

Conclusions 

Effective and controllable filling of SWCNTs with a wide range 

of organic compounds through liquid-phase exposure prior to 

nanotube dispersion is demonstrated, with stable 

encapsulation achieved for all cases in which the compound is 

both small enough to fit into the SWCNT and sufficiently 

immiscible with the post-dispersion bulk liquid environment. 

For alkane and alkane derivatives, encapsulation is further 

shown to enable tunable modulation of optical and other 

physical properties of the combined SWCNT/guest molecule 

complex such as density. These results have positive 

implications for technologies based on well-resolved optical 

properties, modulated separations, or which are sensitive to 

increased variation in properties caused by filling. It is 

expected that this report will enable a large number of 

additional studies relating to phase transitions and transport in 

highly confined geometries. 
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