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ABSTRACT: Single-walled carbon nanotubes (SWNTSs) possess exceptional properties, but
their inherent tendency to agglomerate has limited their exploitation. Here, we present a strategy
for the aqueous synthesis of mechanically interlocked nanotube derivatives (MINTSs) by combining
two complementary cationic molecules that not only assist in dispersing SWNTs but also assemble
around them through dynamic acyl hydrazone linkages. The resulting MINTSs integrate the stability
of covalent modification with the unique versatility of acyl hydrazone functionalities, enabling
post-functionalization of the nanotube surface. Comprehensive characterization confirmed the
successful formation of these interlocked structures, accompanied by smaller fractions of other
supramolecular aggregates, while preserving the SWNT integrity. Importantly, the acyl hydrazone
moieties impart intrinsic hydrolytic susceptibility, facilitating the controlled recovery of pristine
nanotubes after use. This waterborne MINT platform offers a promising route for developing
functional SWNT materials tailored for applications requiring both stability and reversible

modification in aqueous environments.

Introduction

The fascinating host-guests properties of tetracationic bipyridinium cyclophanes have been
studied since 1988, following the preparation of the renowned little blue-box by Stoddart and
coworkers (B, Scheme 1).! The versatility of this molecule and analogues, and their distinctive
host-guest properties have paved the way for the synthesis of a wide range of mechanically

interlocked molecules, from straightforward 1:1 catenanes to highly intricate [5]rotaxanes.?
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Building on Stoddart's pioneering work, numerous research groups have introduced variations
of the blue-box with enhanced properties. In 2019, Peinador, Garcia and coworkers described the
preparation of a “white-box”, a water-soluble self-assembled cyclophane analogue that makes use
of hydrazone-based dynamic covalent chemistry for the thermodynamically controlled aqueous
synthesis of cyclophane receptors.? This white box (W, Scheme 1) was prepared by acyl hydrazone
bonding of complementary bis (pyridinium)xylylene tweezers in water using a template-assisted
process. The ability of the white box to associate a variety of nonpolar organic guests in water, and
the structural flexibility of its design, prompted us to investigate its interaction with carbon
nanotubes in water.

Single-wall carbon nanotubes (SWNTs) possess unique properties, that are sometimes difficult
to exploit fully by their tendency to aggregate. Water is a particularly attractive solvent to disperse
SWNTs, and consequently several strategies have been explored to this end, typically involving

surfactant molecules that assemble around the nanotubes, enhancing their hydrophilicity. The

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

suspension of SWNTs in water has allowed some of the most significant breakthroughs in SWNT

science, including the determination of the optical bandgap of SWNTs according to their chirality,*
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the sorting of individual chiralities of SWNTs,> and, more recently, the separation of SWNT
enantiomers.°

In 2014, we introduced a novel method to derivatize SWNTs as rotaxane-type mechanically
interlocked derivatives (MINTS), by encapsulation of SWNTs within organic macrocycles.” Our
method to form MINTs relied on a ring-closing metathesis reaction of alkene-terminated
molecules surrounding SWNTs. We demonstrated the versatility of this method, showing that any
fragment with sufficient affinity towards SWNTs could be used for MINT synthesis.® MINTSs have

proven valuable in various applications, including composite fillers,’ catalysis!® or molecule-based
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qubits.!! Several other approaches towards MINTSs have been explored, such as direct threading of
SWNTs through cycloparaphenyleneacetylenes,!? disulfide exchange,'? or encapsulation within
metallacycles.'* All of them, however, take place in organic solvents, with the sole exception of a
recent report by the von Delius group. '

Inspired by the binding properties of W in water, we hypothesized that a structurally equivalent
extended cyclophane eW carrying two extra phenyl groups (Scheme 1), would be able to
mechanically interlock single-wall carbon nanotubes in water by means of a highly-efficient
hydrazone bond-forming reaction. Experimentally, the dynamic nature of the hydrazone bond
enables the formation of a diverse population of supramolecular architectures, consisting of larger
macrocycles as well as higher-order oligomeric structures, suggesting that the system undergoes
extensive error correction during assembly. The functionalization efficiency is enhanced by the

unexpected surfactant properties of tweezer 1 (Scheme 2), which have also been investigated
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Scheme 1. Chemical structures of cyclophanes B, W, eW and eR.

Results and Discussion

Molecule 1 was easily obtained in a single step by reacting the isonicotinichydrazide with 4,4°-
bis(bromomethyl)biphenyl in refluxing acetone. This reaction yields a protected precursor as acyl
hydrazone derivative, which slowly hydrolyzes in water to generate the final hydrazide 1
(Molecule 1 is shown in Scheme 2a, while the hydrazone precursor is depicted in the Supporting
Information, Figure S2, as Acyl hydrazone-1) Molecule 2 was prepared by reaction of 4-
pyridinecarboxaldehyde and 4,4’-bis(bromomethyl)biphenyl in refluxing acetonitrile (See
Supporting Information, S2 and S3 for the complete synthetic procedure and characterization).

In a first attempt to prepare MINTs using molecules 1 and 2, we sonicated mixtures containing
different ratios of 1, 2 and (6,5) enriched-SWNTs (>95% carbon basis, median length 1 um, Sigma
Aldrich). To our surprise, stable suspensions of SWNTs could be obtained when employing

molecule 1, suggesting good surfactant properties and good complementarity between the tweezer

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

and the SWNTs.
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e

[1+1] eW > SWNT (front)

[1+1] eW 7: SWNT (side)

Scheme 2. a) Chemical structure of 1 and its optimized structure; b) Chemical structure of 2 and

its optimized structure; c) Reaction scheme for the preparation of acyl hydrazone MINTs

(eWDSWNT) and MINT optimized structure containing the smallest [1+1] macrocycle.

Optimizations were performed using the semiempirical GFN2-xTB tight binding method,'®

including solvation effects by means of the ALPB(water) model.!” In eWDSWNT, C atoms from

the SWNT are grey.

Dispersing ability of 1
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Initial dispersions were prepared by tip sonication (20% power, ice bath, 30 min.) followed by
centrifugation (18.626 g, 15 min.) to eliminate undispersed SWNTSs. Four separate (6,5)-SWNTs
dispersions (0.02 wt%) were made by varying the concentration of surfactant 1 in D20 from a
0.01 wt% (1.4 x 10*mM) to a 0.2 wt% (2.8 x 10> mM). Although higher concentrations are
theoretically possible, they are not recommended due to surfactant solubility limitations. Figure
la shows a photograph of these four different dispersions, with no significant variations between
the samples, which remained stable for several weeks.

UV-Vis-NIR absorption and PLE spectroscopies were employed to address the quality of the
dispersions. The absorption spectra of the samples, shown in Figure 1b, display the characteristic
interband absorption peaks of the (6,5)-SWNT sample, alongside a background absorption likely
resulting from remaining bundled nanotubes. An increase in the concentration of 1 yielded a
corresponding rise in the number of suspended SWNTs, which could be quantified by integration

of the interband absorption peak centred at 579 nm after accounting for background absorption

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(Figure S4). A plot of the S22 integral against the concentration of 1 confirmed a significant 150%

concentration increase in individual SWNTs when moving from a 0.01 wt% to a 0.20 wt% of 1.

Open Access Article. Published on 30 mis Hedra 2025. Downloaded on 01/11/2025 03:17:44.

(cc)

For comparison, a sample containing 0.40 wt% 1 was also measured. The plateau reached at the

0.2 wt% level is attributed to 1 reaching its solubility limit.
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Figure 1. a) Photograph of the different suspensions obtained varying the percentage of tweezer
1. The SWNT concentration is in all cases 0.02 wt%. b) UV-Vis-NIR absorption spectra of
mixtures of (6,5)-SWNTs and 1 (0.01% (blue), 0.05%-(pink), 0.10% (orange) and 0.20% (green))
in D20. c) Integral of the S22 band at 579 nm as a function of 1 concentration. The integral has
been calculated after background subtraction. d) UV-Vis-NIR absorption spectra of a mixture of
Tuball-SWNTs and 0.20% 1 (0.02 wt% SWNTs in D20, half diluted, grey) and a mixture of 1:1

Tuball-SWNTs/(6,5)-SWNTs and 0.20% 1 (0.01 wt% SWNTs each sample in D20, blue).

We conducted further UV-Vis-NIR spectroscopic analyses to delve into whether 1 preferentially
interacts with SWNTs of differing diameters. With our tweezer design, we envisioned perfect
complementarity between 1 and the small-diameter (6,5)-SWNTs (0.78 nm wide). To test this, the

dispersing properties of 1 where analysed using larger diameter SWNTs. We used a sample of
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mixed-chirality SWNTs, with diameters 1.6 + 0.4 nm (Tuball, >99% carbon basis, length > 5 um,
OCSiAl). Experimentally, 1 was also able to disperse the large-diameter Tuball-SWNTs (grey in
Figure 1d). Further, the UV-Vis spectra of a 1:1 mixture comprising Tuball-SWNTs and (6,5)-
SWNTs (Figure 1d, blue line) revealed no evident selectivity towards SWNTs of a particular
chirality. After background subtraction, integration of the mixture spectrum in the 500-1200 nm
range matched the sum of the integration of the individual spectra of Tuball-SWNTs and (6,5)-
SWNTs at equivalent concentrations (see Supporting Information, S4 for further details). We
understand this result in light of the open and flexible structure of 1, featuring two methylene
groups that allow for conformational variation.

To assess the dispersion effectiveness of the hydrazide group, two alternative functional groups
were tested. In the first modification, the hydrazide group was replaced by a hydrazine group,
yielding molecule 3 (see Supporting Information, S2. Similar to Acyl hydrazone-1, Hydrazone-3

slowly hydrolizes in water to form hydrazine 3). In the second modification, the hydrazide group

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

was substituted with geminal hydroxyl groups to produce molecule 2 (Scheme 2b). Molecule 3

Open Access Article. Published on 30 mis Hedra 2025. Downloaded on 01/11/2025 03:17:44.

demonstrated some dispersing properties at equivalent concentrations (Figure S8).

(cc)

Photoluminescence excitation (PLE) spectra of these dispersions showed a similar trend in
photoluminescence quenching, suggesting a comparable molecular wrapping around the SWNTs
(Figure S9). In contrast, the 2 variant failed to disperse SWNTs, pointing to the combined role of
pyridinium and hydrazine groups in achieving dispersion.

Although 1 exhibits lower dispersion capabilities than the widely-used surfactant sodium
deoxycholate (DOC, see the Supporting Information S5 for experimental comparison), its terminal
hydrazide groups offer flexibility for incorporating different hydrophobic elements, such as long

alkyl chains. This property offers the possibility of developing new molecules with potentially


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5sc05224f

Open Access Article. Published on 30 mis Hedra 2025. Downloaded on 01/11/2025 03:17:44.

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Chemical Science

Page 10 of 22

View Article Online
DOI: 10.1039/D5SC05224F

improved surfactant features. To delve deeper into the interactions and affinities between these
modified surfactants and SWNTs, we initiated the MINT synthesis experiments involving 1, 2,
and their mixtures.

Mechanically Interlocked Carbon Nanotubes

Our interlocking approach required mixing (6,5)-SWNTs with a 1:1 combination of 1 and 2 in
the presence of a catalytic amount of trifluoroacetic acid (TFA). In parallel, we prepared three
control samples of (6,5)-SWNT containing either 1, 2 or a 1:1 mixture of both tweezers (1 and 2)
in the absence of TFA. All mixtures were initially sonicated in H2O for 10 minutes and then stirred
overnight at 60 °C. The resulting functionalized SWNTs were washed with H2O (3x), Acetone,
CH2Cl2 and EtO, following the typical procedure for MINTs synthesis (see Supporting
Information, S2 for further details).” 18

Thermogravimetric analysis (Figure 2) of the samples revealed significant differences between
the products. The product formed by the mixture of (6,5)-SWNTs and a 1:1 combination of 1 and
2 in the presence of TFA displayed a broad weight loss process of 25% at 190-375 °C (Figure 2a,
green curve). This corresponds to approximately one 142 unit for every 300 SWNT carbon atoms.
In contrast, the same mixture stirred in the absence of TFA exhibited a smaller but significant 14%
weight loss (Figure 2a, blue curve). In comparison with our results using RCM, where formation
of MINTs leads to a well-defined weight loss, and the formation of oligomers leads to a separate
weight loss process,! the TGA data suggested the TFA-catalysed formation of oligomers and/or
macrocycles around the SWNTs (MINTs or eWDSWNT, from now on), while the latter implied
weaker supramolecular interactions between compounds 1 and 2 and the (6,5)-SWNTs. Analysis
of the filtrates obtained during MINT preparation confirmed the presence of 1+2 dimers and small

oligomers (Figure S10) in the reaction catalysed by TFA. Analysis of the reaction in absence of

10
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SWNTs (Figure S11) provided similar results, confirming that large oligomers or macrocycles are
not obtained in significant proportions under our reaction conditions. Further scrutiny of the
thermogravimetric profile of the final compounds revealed that the supramolecular adsorption of
1 was associated with a 15% reduction in sample weight (Figure 2b, yellow curve). In contrast,
the adsorption of 2 was markedly less robust, constituting a mere 6% of the final sample mass
(Figure 2b, orange curve). These results are in agreement with the ability of 1 to disperse SWNTs

as described above.
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Figure 2. a) TGA analysis (Air, 10 °C min™") of (6,5)-SWNT (black), eWDSWNT (green), and
the mixture of 1 and 2 with (6,5)-SWNTs in the absence of cat. TFA (blue). b) TGA analysis (Air,
10 °C min™") of (6,5)-SWNT (black), the supramolecular complexes formed by the combination of
(6,5)-SWNTs and 1 (yellow) or 2 (orange) and the equimolar mixture of 1 and 2 in absence of

(6,5)-SWNTs (pink).

To further investigate the structure of the different (6,5)-SWNT derivatives, their absorption and
emission spectra were acquired after dispersion in D20 employing 1 wt% DOC (Figure 3). The
normalized SWNT emission intensities at Aexe = 565 nm demonstrated a discernible attenuation in
photoluminescence attributable to binding effects. This photoluminescence quenching was
markedly pronounced in the eWDSWNT sample -exhibiting a 54% reduction in luminescence-,

and in the sample with adsorbed 1, displaying a 42% reduction. These outcomes contrasted with

11
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those from the 1:1 mixture of 1 and 2 with SWNTs in the absence of TFA, which only showed a
22% quench in luminescence intensity, and the sample with adsorbed 2, which exhibited an 11%
quench.

The heightened quenching in the cases of eWDSWNT formation and 1 adsorption can be
attributed to a more extensive coverage of organic material on the SWNTs, thereby affecting the
photoluminescence properties of the SWNTs. The quenching of photoluminescence is a direct

indication of intimate macrocycle-SWNT interaction which we often find in MINT formation.”

10a, 10c, 13-14, 18a,
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Figure 3. a) UV-Vis spectra (D20 (DOC, 1 wt%)) of (6,5)-SWNT (black), eWDSWNT (green),
the mixture of 1 and 2 with (6,5)-SWNTs in the absence of cat. TFA (blue), the supramolecular
complex formed by stirring 1 and (6,5)-SWNTs (yellow) and the supramolecular complex formed
by stirring 2 and SWNTs (orange). b) Normalized photoluminescence emission spectra with

Aexe=565 nm for the samples indicated in a).

To investigate the possibility of supramolecular adsorption of macrocycles during the MINT-
forming reaction, an additional control sample consisting of a mixture of (6,5)-SWNTs with pre-

synthesized eW was prepared under the same conditions described above. As shown in Figure 4,

12
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TGA revealed an 11% weight loss at 190-375 °C. This weight loss is sufficiently different from
the eWDSWNT sample (25%), effectively proving the role of hydrazone bond formation in the
presence of SWNTs and TFA.

Next, the stability of the acyl hydrazone derivatives in eWDSWNT was evaluated. The samples
were subjected to two sequential hot water washes at 100 °C for 1 hour each, followed by filtration.
To ensure reproducibility, each of these experiments was repeated three times. TGA was
conducted after each wash to monitor the weight loss at 375 °C. The average weight loss attributed
to the macrocycle decomposition was reduced from a 22% to a 9% after the first wash, as expected
due to the hydrolysis susceptibility of the acyl hydrazone groups under elevated temperatures. A
second hot wash did not reduce further the macrocycle content, indicating complete hydrolysis
during the first wash, with the residual weight loss being comparable to that found when using just
1.

To explore this further, the acyl hydrazone functionalities in eWDSWNT were locked by

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

reduction with sodium borohydride to the corresponding hydrazide, which cannot be hydrolyzed.

As expected, these modified derivatives demonstrated significant stability when subjected to two

Open Access Article. Published on 30 mis Hedra 2025. Downloaded on 01/11/2025 03:17:44.
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sequential hot washes (Figure 4b, orange). Alternatively, increased stability was also achieved by
removing the acyl groups from the acyl hydrazone. A final MINT sample (eRDSWNT), consisting
of eR macrocycles (Scheme 1, extended redbox recently published by some of us?°), was prepared
following the standard procedure using a mixture of (6,5)-SWNTs and tweezers 2 and 3 (see
Supporting Information, S2 for chemical structure). This sample showed increased resistance to
hydrolysis, losing only a minimal fraction of its weight during each acid wash (Figure 4b, blue).
The eROSWNT functionalization yields were comparable to those obtained with the original acyl

hydrazone macrocycles, indicating that improved stability can be achieved without compromising
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functionalization efficacy. While these results are encouraging, the characterization of the
eROSWNT derivatives is still limited, and further studies will be necessary to fully evaluate their

properties and stability.
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Figure 4. a) TGA analysis (Air, 10 °C min™') of (6,5)-SWNT (black), eWDSWNT (green) and the
supramolecular mixture of (6,5)-SWNTs with eW (pink). b) TGA weight losses at 375 °C (Air,
10 °C min") before and after two hot washes in eWDSWNT (green), eWDSWNT submitted to

NaBHa4 treatment (orange) and eROSWNT (blue).

Considering the high acidity of TFA, a thorough Raman spectroscopy analysis was conducted
on the eWDSWNT sample and the supramolecular control consisting of a mixture of 1 and 2 with
(6,5)-SWNTs in the absence of TFA, to investigate the possible introduction of defects during
formation of eWDSWNT. Upon 532 nm excitation (Figure S12a), no notable differences were
observed between the Raman spectra of eWOSWNT, the supramolecular control and the pristine
(6,5)-SWNTs. Most importantly, there was no significant increase in the relative intensity of the
D band, proving that the covalent structure of the SWNT remains intact after the formation of
eWDSWNT. Additionally, RBM and G bands (Figures S12b and c) displayed similar behaviour
among the samples. The 2D vs G Raman shift maps (Figure S12d) further revealed a comparable

trend among the three samples, indicating negligible SWNT doping upon strapping with eW.
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Figure 5. a) AFM topographic image of a eWDSWNT suspension in iPrOH and b) height profiles
along the lines marked in (a). ¢) AC-HRTEM image of a SWNT containing a macrocycle

(acceleration voltage 60 kV) and [2+2] eWDSWNT optimized structure.

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

Microscopic AFM and TEM analysis provided results consistent with the formation of MINTs.

Open Access Article. Published on 30 mis Hedra 2025. Downloaded on 01/11/2025 03:17:44.

Figures 5a and b present an AFM micrograph consisting of a single eWDSWNT and its

(cc)

corresponding height profiles. The individualized SWNT shown, with a height of approximately
0.8 nm, exhibits several elevations ranging from about 1.4 nm to 1.6 nm. The left section of the
SWNTs shows a dense accumulation of organic material with an elevation of around 1.5 nm,
consistent with the high functionalization observed for eWDSWNT. Aberration-corrected HR-
TEM analysis (60 kV) of eWDSWNT shows mostly bundled nanotubes with heavily
functionalized sidewalls (Supporting Information, S13), in agreement with the TGA data. In some
instances, like in Figure 5c and S14, we can observe individual macrocycles around the SWNT

(the calculated macrocycle [2+2] eWDSWNT is superimposed for comparison). For a statistically
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significant analysis of the microscopic characterization, we determined the spacing between
adjacent nanotubes within bundles. Because most tubes remain in van der Waals contact (d = 0),
these measurements effectively represent the smallest possible intertube separations. For
eWDSWNT, the average distance of 0.11 £0.04 nm (N = 50) is approximately twice that observed
in pristine SWNT bundles (0.06 £ 0.06 nm, N = 50). This increase in spacing indicates a de-
bundling effect driven by extensive functionalization, in agreement with our prior observations.?!

To shed some light on the differences in binding strength between (6,5)-SWNTs and the
potential species produced during the self-assembly of 1 and 2, the standard Gibbs free energy of
association (AG®,) in aqueous media at 298.15 K was computed using a multilevel approach based
on state-of-the-art electronic structure methods.?? A simplified reaction was modelled involving a
hydrogen-capped section of a (6,5)-SWNT approximately 4 nm in length (509 atoms), small
enough to be computationally tractable yet large enough to capture interactions with either the
hydrazide/diol building blocks or the resulting cyclic/oligomeric species formed via acyl
hydrazone bonding of up to four monomers. As shown in Figure 6 and tables S1 and S2, the data
support exergonic association processes for all considered species, but with both cyclic and linear
oligomerization processes becoming increasingly favored as the number of acyl hydrazone-linked
monomers increases. Our calculations are in line with the experimental findings, in that there are
no major energetic differences per cyclophane unit between the interlocked species and the
supramolecular association of oligomers, supporting the coexistence of both under thermodynamic
equilibrium. Moreover, we observe that the [2+2] eWDSWNT structure, observed experimentally

under AC-HRTEM (Figure 5), is particularly stable, with AG, = -64.7 kcal mol'!,
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a) 2@SWNT D) [1+1]1+2@SWNT C) [1+1] eWSSWNT
-21.7 kcal mol”! -36.5 kcal mol”! -39.9 kcal mol!

> !
d) [1+2] 1+2@SWNT e) [2+2] 1+2@SWNT f) [2+2] eW=SWNT

-53.6 kcal mol”! -58.0 kcal mol”! -64.7 kcal mol!

Figure 6. Local minima and AG, values in kcal/mol computed at the ®B97X-
3¢/SMD(H20)//GFN2/ALPB(H20) level of theory,'®!7- 2223 for the potential aggregates formed
by the association between a truncated hydrogen-capped section of a (6,5)-SWNT (ball-and-stick),
and cyclic (c and f)/oligomeric (a, b, d and e) species arisen from the self-assembly of building

blocks 1 and 2 (van der Waals spheres).

Conclusion

We have synthesized two novel surfactants that individually displayed modest to negligible

This articleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

dispersing ability compared to established surfactants like DOC. While their surfactability is

Open Access Article. Published on 30 mis Hedra 2025. Downloaded on 01/11/2025 03:17:44.

limited, the versatile hydrazone functionalities offer promising avenues for future activity

(cc)

optimization. By combining molecules 1 and 2, we first utilised surfactants as recognition motifs
to construct MINTSs in water. The assembly of these MINTs was rigorously confirmed through
thermogravimetric analysis, combined with spectroscopic and microscopic techniques. These
analyses validated the formation of MINTs and demonstrably preserved the integrity of the
encapsulated nanotubes. In this case, as opposed to our previous reports using RCM, in the final
products MINTSs are accompanied by other supramolecular aggregates, at least to some extent. In
line with this, semiempirical calculations show that there are no major differences in stability per

cyclophane unit between the interlocked species and the supramolecularly associated oligomers,
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although some species, like the interlocked [2+2] eWDOSWNT observed experimentally under AC-
HRTEM, seem particularly stable. Notably, these water-borne MINTs possess inherent hydrolytic
susceptibility, enabling the post-functionalization retrieval of intact nanotubes. Compared to
previous examples restricted to organic media, these novel MINTSs hold significant promise for
applications requiring aqueous environments. Recently-reported work by some of the authors has
demonstrated the easy exo-functionalization of €W analogues with hydrazide pendants,?* results
that open the door for the expansion of the self-assembly strategy reported herein for the
introduction of further functionalization into this type of MINTs.

ASSOCIATED CONTENT

Supporting Information. General methods and materials, synthetic and characterization data for
compound 1 and mechanically interlocked SWNTs, additional UV-Vis and PLE spectra, Raman
analysis, additional HRTEM micrographs and computational details can be found in the

Supporting Information.
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