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Abstract 

Supramolecular assembly methods can yield ordered structures via programmed 

interactions between adjacent molecules. Although this is established in certain cases at the 

nanometre scale, general methods to direct assembly are still lacking. A straightforward 

approach is proposed here, using small molecule additives to direct the assembly of 

otherwise disordered materials. To demonstrate feasibility, hydrophobic alkylated fullerene-

C60 molecules are employed. By selectively adding n-alkanes (increasing the alkyl content) 

or pristine C60 (increasing the π-conjugated content), these otherwise amorphous, disordered 

materials are directed to assemble as micelles, and hexagonally packed gel-fibres 

comprising insulated C60 nanowires and lamellar mesophases. The assembled structures, 

which occur throughout the mixtures, contain a high proportion of optoelectronically active 

material (domains, instead?) and can exhibit a comparably high photoconductivity. This new 

approach is shown to be applicable to other alkyl – π-conjugated molecules, and represents 

a pathway to tuneable and reproducible bulk production of self-organized soft functional 

materials. 
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Introduction 

Supramolecular chemistry methods based on advanced molecular design can be used to 

generate complex structures, over a range of length-scales, programmed by the chemical 

structure of the component molecules. Examples include DNA origami,1,2 supramolecular 

polymers,3,4 or supra-amphiphiles5 often exhibiting intriguing stimuli-responsive properties. 

However, general routes for the directed assembly in a controllable manner of otherwise 

disordered materials have yet to be identified.6,7 Overcoming this hurdle is of particular 

importance for development of molecular optoelectronic materials, for which molecular 

alignment and the presence of defects or deep traps at grain boundaries directly affect 

device performance.8 A common concern is that molecules with otherwise excellent intrinsic 

properties frequently form suboptimal assembly structures in their native state, limiting 

applications.6 One solution may be provided by supramolecular liquid crystalline materials,9–

11 although enhanced functionality provided by the π-conjugated units in the component 

molecules, has yet to be fully demonstrated. One limiting factor may be the relatively low π-

conjugated content in many of these systems.12  

Here, we (I would say “Here is introduced”) introduce an alternative straightforward 

approach to direct the assembly of π-conjugated molecules from an amorphous state into 

useable ordered materials. Alkyl chains (e.g. long, branched) are routinely attached to 

optoelectronically active π-conjugated molecules to facilitate solution processing and to tune 

self-assembly.11–15 When the alkyl chains are attached to just one side of the π-conjugated 

moiety, the result is an asymmetric “hydrophobic amphiphile” with two immiscible groups.16–

19 By introducing additives with a selective affinity towards either moiety, it was expected that 

a multitude of complex ordered fluids, for example micelles, gels and two-component liquid 

crystals, might be accessible, analogous to those encountered in classical hydrophobic-

hydrophilic amphiphile assemblies.20  

To demonstrate the feasibility of this approach, we (I would write “apersonally”) initially 

focus on two hydrophobic alkylated fullerene-C60 derivatives. The discrepancy in non-

covalent interaction strength between the π-conjugated fullerene and the attached alkyl 
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chains has been previously used to control molecular self-organisation in additive-free 

states.18,19 However, here we chose alkylated C60 derivatives (vide infra) that are inherently 

disordered, to emphasise the power of the new approach. By the addition of n-alkanes or 

pristine C60, which either increase the total alkyl or π-conjugated content of the system, the 

alkylated C60 derivatives are directed to assemble into different ordered structures. The 

driving force for nanoscale phase separation is the immiscibility of C60 with alkanes (or alkyl 

chains).15,21 This powerful principle, which is shown to be applicable to other alkyl – π-

conjugated molecules, provides a tuneable route to direct disordered yet functional π-

conjugated molecules to assemble into useful materials.     

 

Results 

Micelles 

The alkylated C60 derivative 1 (Fig. 1a) was synthesized and purified using previously 

described methods.19,22 1 is a liquid at room temperature and is fully miscible with n-hexane, 

forming dark solutions (e.g. photo, Fig. 1a) of relatively low viscosity. This miscibility is 

counterintuitive given the low solubility of pristine C60 in n-alkanes (< 0.1 mM).21 Solubility 

enhancements are often observed in molecules comprising two parts with widely differing 

solvophobicity23 including surfactants24, semifluorinated alkanes16 or block copolymers.17 

Molecules like this self-assemble in solution, so as to limit contacts between the solvophobic 

part and solvent. It was hypothesised that the increase in solubility observed for hydrophobic 

amphiphile 1 might also be due to clustering to minimize unfavourable interactions between 

C60 groups and n-alkane molecules.  

 UV-vis absorption spectra of 1 in n-hexane (Fig. 1b), n-octane, n-decane and toluene 

(Supplementary Fig. S1a-c) in the region 630-765 nm revealed several maxima, typical for 

C60 derivatives prepared by this route.22 Increasing concentration from 1 to 11 wt% of 1 led 

to broadening and bathochromic shifts for all peaks in every solvent studied, consistent with 

aggregation. The magnitude of the shift with increasing concentration was strongly solvent 

dependent, with the largest shifts noted for n-hexane, followed by n-octane, n-decane and 
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toluene (instead you could write “following the order n-hexane > n-octane > n-decane > 

toluene”). This points to a trend in aggregation mirroring the difference in cohesive energy 

between the C60 parts of 1 and solvent.21 

 

 

 

 

 

 

  

 

 

 

 

 

Figure 1 

  

 Cryogenic transmission electron microscopy (cryo-TEM) confirmed the existence of 

clusters in n-decane (Fig. 1c and Supplementary figure S2). Owing to higher electron density 

of C60, the dark spherical regions (indicated with arrows, Fig. 1c) are likely to be C60-rich 

cores of core-shell micelles. The micelle cores appear spherical and polydisperse in size, 

with an average diameter of 2.5 ± 0.3 nm (see Supplementary Fig. S2), which is indicative of 

small aggregates containing around 6 molecules of 1.    

 To further investigate the solutions and to evaluate the influence of concentration and 

solvent type on micellar properties, small-angle X-ray (SAXS) and neutron (SANS) scattering 

were applied (Fig. 1d and Supplementary Fig. S3). X-rays scatter from nanoscale electron 

density inhomogeneities within samples, here effectively highlighting the clustered C60 parts 

of 1 in the lower electron density n-alkane matrix. Conversely, neutrons scatter owing to 
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interactions with sample nuclei, and in particular scatter very differently from hydrogen and 

deuterium nuclei.25 SANS from 1 added to perdeuterated D-solvents thereby highlights 

domains comprising H-alkyl chains.  

 The SAXS and SANS data for 1 in n-hexane are shown in Fig. 1d. Both datasets exhibit a 

region at low Q where I(Q), scales as Q0, followed by a decay. The decay onsets are 

inversely related to the radius of gyration of the scattering objects.25,26 As the first decay in 

the SANS signal occurs at lower Q values than in SAXS, the domains scattering neutrons 

are effectively larger than those probed by the X-ray experiment. The data are therefore 

consistent with a core-shell micellar structure as suggested by cryo-TEM, with C60-rich cores 

and alkyl-rich shells (e.g. inset schematic, Fig. 1d). The onset of the decay in the SAXS data 

corresponds C60 micellar core radii, whereas the first decay in the SANS data represents an 

overall core+shell dimension. In the SANS data the second decay at around Q ≈ 0.22 Å-1 is 

related to the shell thickness.   

 SAXS was used to investigate the effect of solvent type (n-hexane, n-decane, toluene) and 

concentration (2 - 22 wt%) on micelle size. The scattering objects were modelled as a 

polydisperse distribution of spherical core-shell micelles (see Supplementary Information). 

Fitted data and size distributions are shown in Supplementary Figure S3 and fit parameters 

for SAXS and SANS data are given in Supplementary Tables S1 and S2 respectively. 

Micelle radii, Rvw increased with concentration and were larger in n-hexane than in n-decane, 

in line with the changes observed in UV-vis spectra. Average sizes in n-hexane and n-

decane (Rvw = 12.7 Å and 9.4 Å respectively – do not mix up units - Martin change all the 

dimensions reported to be in the same units in the whole paper – use nm not A – you can 

keep Q in A-1 however) are in agreement with the results from cryo-TEM (core diameter ~ 3 

nm). In toluene comparatively little aggregation was detected, consistent with the known 

higher solubility of C60 in this solvent.  

 In summary, the multi-technique combination of UV-vis, cryo-TEM and SAXS/SANS 

clearly demonstrate that solvophobicity for n-alkanes of the π-conjugated parts of 1 is 

sufficient to drive assembly into structured micelles.  
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Gel fibres 

The study was broadened to 2 (Fig. 2a), which is a disordered amorphous solid at room 

temperature.19 Gentle heating greatly increased the miscibility of 2 with n-hexane (Fig. 2b). 

SAXS data from a sample of 19.8 wt% 2 in n-hexane at 55 °C shown in Fig. 2c are similar to 

observations with mixtures of 1 (e.g. Fig. 1d), indicating the presence of micelles (e.g. 

schematic illustration, Fig. 2c). These micelles have Rvw = 11 Å but a higher polydispersity 

than micelles of 1, which may indicate more elongated structures. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 

       

 Interestingly, the samples gelled upon cooling from the isotropic state (Fig. 2b). This 

process was reversible, with a transition point, Ttrans just above room temperature 

(Supplementary Fig. S4). SAXS data taken at 5 °C (<<Ttrans) are shown in the upper plot in 

Fig. 2c. In comparison with the data at 55 °C, an increased I(Q) at low Q and the 

development of several peaks are noted, indicating an increased order over length scales 

probed by SAXS (15 – 600 Å) . The peaks marked as i and ii correspond to d-spacings of 55 
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and 31 ± 1 Å respectively. The difference between d-spacings is approximately √3, 

suggesting a hexagonally-ordered columnar lattice of 2 in which the C60 portions are in the 

column centres (e.g. inset schematic illustration, Fig. 2c).27  

 To further characterise the gel structure in n-hexane, polarized optical microscopy (POM) 

and temperature-controlled X-ray diffraction (XRD) were applied (Fig. 3a). Firstly 

observations were made in the absence of polarizers: at [2] = 19.8 wt%, a network of 

bundled fibres was observed. Next the polariziers were introduced in the standard PM 

configuration: the fibres exhibited textures indicating internal order (for isotropic state, see 

Supplementary Fig. S5). Temperature-controlled XRD (Fig. 3a: T = 0 °C, [2] = 28.7 wt%) 

also showed peaks i and ii, at d-spacings of 49.9 and 29.0 ± 2 Å. Additionally, multiple 

smaller peaks and shoulders were also noted (iii, iv and v on Fig. 3a positions, with 

corresponding d-spacings are given in Supplementary Table S3). The slight difference in the 

position of peaks i and ii determined by SAXS and XRD may be due to the limit of detection 

(2θ ≈ 1.6) of the XRD setup or the difference in concentration (vide infra). 

 The ratio in positions of the peaks i-v determined by XRD is approximately 1:√3: √4: √7: 

√12, as expected for the 2D p6mm hexagonal symmetry group.27 This indicates that 2 

assembles into hexagonally ordered columnar domains in the gel. Whereas, hexagonal 

ordering is commonly noted in thermotropic C60-containing liquid crystals12, it is uncommon 

for lyotropic C60-containing gels28,29 and is particularly notable given the lack of gel-promoting 

hydrogen bonding moieties or tertiary gelators. The two sharp peaks in the region 2θ ≈ 9° 

are likely to correspond to C60-C60 spacing of around 10 Å, indicating a relatively high level of 

ordering of the C60 moieties. Neighbouring fullerenes can therefore approach to within 3 Å, 

enabling effective charge transport along the columns. From the SAXS and XRD data, the 

inter-columnar spacing is 60 ± 4 Å. As this is larger than twice the length of 2 (≈ 25 Å), the 

hexagonally-packed columns of C60 are likely to be separated by alkyl regions which also 

contain interpenetrated n-hexane molecules (cf. C60 wires surrounded by insulator).   

 The SAXS data in Fig. 2c were therefore modelled as a network of fibres composed of 

hexagonally spaced monodisperse cylinders representing the C60 columns (see 
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Supplementary Information). Related models have been used to describe gels of conducting 

polymers.30 The network fractal dimension (2.7) is consistent with the overlapped fibre 

bundles observed by POM. The cylinder radius (16 Å) was similar to the micelle radii for 1 

and 2, suggesting fibre growth from the clustered micellar state. 

 The ability of 2 to gel other solvents was studied. Gels did not form with toluene, 

chloroform or cyclohexane, but did with other n-alkanes (n-octane, n-decane). Using near-

infrared turbidity measurements (Supplementary Fig. S4), the gel formation temperature 

Ttrans was found to be decrease with increasing n-alkane chain length and to increase with 

the concentration of 2. XRD data (Supplementary Fig. S7a,b and Table S3) point to similar 

gel structures with all n-alkanes used, within the concentration range of 16.5 to 42 wt%. This 

assertion was backed up by cryo-TEM images taken at the onset of gel formation in n-

decane (Supplementary Figure S6). Both micelles and more ordered structures with two 

primary spacings (d1 and d2) of approximately 4.8 and 3.0 nm are clear in the images. 

However, one subtle change noted using XRD was the positional shift to higher 2θ value and 

slight broadening of peak i with increasing alkane chain length (2θ = 1.92 and 1.77 for ~20 

wt% 2 in n-decane and n-hexane) and at higher concentrations (2θ = 1.96 for 42 wt% 2 in n-

decane). This may indicate a uniaxial contraction arising from the reduced affinity of n-

decane versus n-hexane towards the branched alkyl chains of 2 (Supplementary Fig. S7c,d).  
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Figure 3 

  

 Flash-photolysis time resolved microwave conductivity (FP-TRMC)31 was used to probe 

the photoconductivity of the C60-rich columnar domains. Measurements of the transient 

photoconductivity ϕΣμ for a sample of 2 with n-decane are shown in Fig. 3b (ϕ represents 

the quantum efficiency of the charge carrier generation and Σμ represents the sum of the 

nanometre-scale charge carrier mobilities).31 FP-TRMC measurements in the solvated state 

are difficult and typically suffer from low signal and a higher background noise due to the 

insulating solvent content. Despite this, a clear signals were detected for the gels that were 

not present for the isotropic clusters (Fig. 3b). The photoconductivity maximum (ϕΣμmax = 3.5 

x 10-5 cm2 V-1 s-1) was of similar order as that for solid crystalline C60 derivatives studied 
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using the same technique, including PCBM ([6,6]-phenyl-C61-butyric acid methyl ester, 2.8 – 

14 x 10-5 cm2 V-1 s-1).32,33 While TRMC evaluates carrier mobility at the nanometer scale, the 

results indicate that the fibre network transports charge and might be applicable in flexible 

optoelectronic applications in the gelled state,34 with the potential for unique self-healing or 

thermally-induced on-off switching properties.  

 The results above therefore confirm the existence of true solvated-state alkyl – π-

conjugated hydrophobic amphiphilicity and provide the first example of the directed 

assembly of alkyl – π-conjugated molecules into well-defined structures in the bulk solvated 

state via the addition of only n-alkanes. Related approaches using different solvents35–37 or 

the addition of anti-solvent38,39 to self-organize functional supramolecular structures out of 

solution have previously been reported, but are not always well understood, can be limited 

by solubility, and furthermore are conceptually different to this current approach. These 

results indicate a type of directed assembly similar to higher order assemblies of more 

conventional hydrophobic-hydrophilic surfactants, significantly extending the general concept 

of solvophobic - solvophilic balance for inducing and tuning self-assembly in low dielectric 

and non-aqueous media. The different aggregation extent of 1 and 2 is expected, as the 

ability of the alkyl chain chemistry to tune chain-chain and chain-solvent interactions has 

also been noted for conventional surfactants.40,41 It is likely that increased branching reduces 

the interaction strength between alkyl chains and n-alkanes and weakens the ability to 

interfere in π-π interactions between neighbouring C60 units, yielding larger assemblies. The 

coupling of in-depth molecular design with the additive-directed assembly approach appears 

to provide a powerful new way to construct assembled molecular materials with high 

functionality and complexity. 

 To further demonstrate the generality of our approach, fullerene-C70 derivative 3 and 

azobenzene derivative 4 (Supplementary Fig. S8) were investigated. These represent larger 

(C70) and smaller (azobenzene) π-conjugated systems than C60. Both derivatives are liquid 

at room temperature, but after the addition of n-alkanes, clusters were detected by SAXS 

(Supplementary Fig. S8). Micelle radii were larger for 3 (12.2 Å) than for 1 (9.4 Å) under 
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similar conditions (~20 wt% in n-decane) and were smaller for 4 (5.0 Å) respectively 

(Supplementary Table S4). Reducing the concentration of 3 in n-decane was found to also 

reduce micelle size (Supplementary Fig. S8), in line with the results seen for 1 in n-hexane. 

It is therefore clear that the ability to direct assembly of alkyl – π-conjugated molecules using 

n-alkanes is not only limited to C60-containing species, and that the strength of interaction 

between the π-conjugated moieties is a key control parameter in assembly. 

  

Lamellar mesophases 

Additives with higher affinities for the C60 part than for alkyl chains are also expected to drive 

assembly; for example, the addition of pristine C60 to 1. Coassembly structures of C60 with 

polymers42,43 and planar π-conjugated groups such as porphyrins44 have been described,18,45 

but to our knowledge the coassembly of pristine C60 with C60 derivatives to direct assembly 

has yet to be realized. Pure 1 is a liquid at room temperature, when C60 and 1 were mixed in 

toluene at molar ratios of C60:1 of 1:2 and 1:10, UV-vis spectroscopy indicated little 

interaction between the two species (Supplementary Figure S9). However, thick pastes were 

formed after removal of the solvent by evaporation.  
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Figure 4 

 

 POM images of the pastes (Fig. 4a,b) exhibited marbled textures similar to those noted 

for smectic phases of fullerene-containing thermotropic liquid crystals.12,13,15 The rheological 

behaviour (Fig. 4c,d) of the pastes was distinctly different to that for pure 1, with higher 

complex viscosity η*, storage modulus G’, and loss modulus G’’ values throughout almost 

the entire applied angular frequency (ω) range. The pastes shear thin as indicated by the 

reduction in η* with increasing ω. Similarly to 1, 1:10 exhibits viscoelastic behaviour, with G’’ 
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> G’. However, solid-like behaviour is noted for 1:2, with G’’ < G’ at this strain amplitude 

(0.1%). In general, these results point to large increases in intermolecular interactions on 

adding C60 to 1, in line with directed assembly formation.  

 XRD (Fig. 4e) and TEM (Fig. 5) confirmed the existence of extended lamellar domains. 

The lack of any discernible peaks in the XRD corresponding to the fcc phase of C60 suggests 

it is mostly incorporated into the lamellar structure. Several evenly-spaced peaks (labelled I-

V on Fig. 4e) were detected, corresponding to the 001 - 005 reflections of a lamellar 

mesophase.27 For 1:2 mixtures the peaks are broader and shifted to higher 2θ values than 

for the 1:10 sample, indicating of a smaller lamellar spacing (34 vs. 37 Å) and a reduced 

persistence length46 of the lamellar structure (190 vs. 310 Å). As the 1:2 sample contains 

proportionally more C60, there may also be more C60 incorporated within the lamellar 

structure, which would lead to closer contact between layers due to a reduction in the 

amount of the alkyl “spacer” group. FP-TRMC (Fig. 4f) measurements gave ϕΣμmax = 0.9 and 

1.5 x 10-5 cm2 V-1 s-1 for the 1:2 and 1:10 blends respectively, which are both higher than that 

obtained for pure 1 (0.4 x 10-5 cm2 V-1 s-1). Interestingly, the highest ϕΣμmax was obtained for 

1:10, for which the more extensive mesophases were noted by XRD. 

 Echoing the results from XRD, TEM images of 1:10 show lamellar domains with a 

persistence length of ≥20 nm in the lamellar growth direction, and at least 50 nm in the 

lamellar plane (Fig. 5a). Within the layers, dark regions corresponding to stacked C60 units 

can be distinguished, which are interdigitated at an angle of ~60° (Fig. 5b). Lamellar and 

C60-C60 d-spacings were 3.6 and 1.1 nm respectively (FFT, Fig. 5c), in agreement with the 

XRD results. 

  

 

  



15 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 

 

  

 Clearly addition of C60 to alkylated C60 derivatives is also able to induce assembly, just as 

the addition of n-alkanes (Fig. 6). That such a small quantity of C60 (1:10 contains 4.4 wt% 

C60) causes such a significant change in both the nanoscale and bulk properties the initially 

liquid material is very interesting, and perhaps points to the C60 units acting as seeds for 

mesophase growth. When generalised for other additives and alkyl – π-conjugated 

molecules, this can become an extremely useful assembly tool of particular relevance to the 

developing field of functional organic fluids.47,48 With this in mind, a different C60 derivative 5 

was synthesised, bearing a single 2-decyl-1-tetradecanol group exchanged with the methyl 

group on PCBM (see Supplementary Synthesis). Like 1, molecule 5 is a liquid at room 

temperature: adding either C60 or PC61BM to 5 resulted in the formation of lamellar-type 

assemblies, as verified by XRD and POM results (Supplementary Figure S10). While this 
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new system has yet to be studied in depth, it is clear that the reported phenomenon is 

apparently general for molecules and additives form these broad classes.    

 

 

 

 

 

 

 

Figure 6 

 

Discussion 

The thermodynamic origin of aggregation for conventional hydrophobic-hydrophilic 

amphiphiles is an appropriate balance between hydrophilic and hydrophobic interactions. 

Here, that concept is generalised to encompass solvophilicity and solvophobicity within 

hydrophobic amphiphiles and antipathy induced by combinations of alkyl and π-conjugated 

moieities is also shown to drive self-assembly. The extent of aggregation can be tuned using 

a balance of alkyl and π-conjugated components, to generate materials of different micro- 

and macroscopic properties. This new concept therefore promises a multitude of complex 

fluids and phases, with the additional benefit of localised and aligned π-conjugated content, 

and potential for unique and switchable optoelectronic properties. It has notable advantages 

over existing solution-state, hydrophilic-hydrophobic C60-amphiphile strategies12,49,50 owing to 

ease of application, increased solution processability of the materials and uniformity for bulk-

scale assemblies. Clearly the combination of molecular design strategies1–5 possible with 

this approach will provide a potent and robust method to construct and optimise functional 

materials based on π-conjugated molecules, with nanoscale control.  
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Figure Legends 

Figure 1: Micelle formation. (a) Chemical structure of molecule 1 and photograph of a 

solution in n-hexane, alongside a schematic representation of the cluster structure. (b) 

Visible absorption spectra for 1 with n-hexane for concentrations of 1 as indicated. The inset 

shows magnified spectra indicating the shift in the position of the maxima centred around 

703 nm with increased concentration. (c) Cryo-TEM image of micelles of 1 in n-decane. The 

full image is provided in Supplementary Figure S2, alongside an image for n-decane alone. 

(d) SAXS and SANS data for 1 with n-hexane and n-hexane-d14 respectively, taken at 25 °C 

and [1] = 22 wt%. (inset) Proposed aggregate structure, indicating the parts highlighted by 

SAXS (C60-rich core) and SANS (alkyl-rich shell).   

Figure 2: Gel formation. (a) Chemical structure of 2 and (b) photographs showing the 

gelled and isotropic states that arise on adding n-alkanes to 2. (c) Fitted synchrotron SAXS 

data for 2 with n-hexane, 2 at 20 wt%, taken at 5 °C (gel state) and 55 °C (isotropic state) 

respectively. Red lines indicate fits to the data. For clarity SAXS data and fit for the isotropic 

state have been divided by a factor of 5. (Inset, c) Schematic depictions of the structures 

(micelles or gel fibres) present in the system in both states. 

Figure 3: Structure and photoconductivity of the gel fibres. (a) XRD data for the gelled 

state of 28.7 wt% 2 with n-hexane, taken at 0 °C. The broad peak at higher angles 

represents the alkyl content of 2 and n-hexane, as indicated. (inset, a) Polarized optical 

microscopy (POM) images of the gelled state without (w/o) and with crossed (x-ed) 

polarizing filters, as indicated. The scale bar is the same for both halves of the image. (b) 

Solution-state FP-TRMC data for 42 wt% 2 with n-decane, taken at 23 °C (gelled state, 12 

hours aging) and 48 °C (isotropic state), λex = 355 nm.   

Figure 4: Lamellar mesophase formation, structure and photoconductivity. (a, b) POM 

images of blends of C60 and 1 in molar ratios 1:2 and 1:10 at room temperature. (c, d) 

Rheology data showing the change in complex viscosity η*, storage modulus G’, and loss 
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modulus G’’ values with angular frequency ω. The tests were carried out at 0.1% strain 

amplitude in the linear-viscoelastic region at 25 °C. (e) XRD data for both ratios, highlighting 

the different positions of labelled peaks I-V for the two ratios. (f) FP-TRMC data for the two 

ratios and for pure 1 in the solvent-free condensed phase, λex = 355 nm.    

Figure 5. Lamellar mesophase microstructure. (a) TEM image of lamellar mesophase 

formed in the blend of C60 and 1 in the molar ratios 1:10 at room temperature. (b) Magnified 

area, showing the interdigitated C60 units. (c) Fast Fourier transform (FFT) of the image 

shown in panel (a). Spots corresponding to the lamellar spacing (001, 002 and 003), and to 

the C60-C60 separation are indicated.    

Figure 6. Conceptual figure. Schematic illustration of the directed assembly method 

described in this study, highlighting the structures formed. 
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