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Abstract 

Face-to-face noncovalent arene–fullerene interactions are important in several research fields such as 

synthetic, materials, and medicinal chemistry; however, their nature and strength are still poorly 

understood. In this study, we prepare a fullerene-based torsion balance containing thioanisole, phenol, 

naphthalene, azulene, and pyrene moieties as a unimolecular model system. Moreover, we compare 

the folding free energies between the folded and the unfolded conformers of a series of the molecular 



 2 

torsion balances to quantify noncovalent interactions between arenes and the fullerene surface. This 

work demonstrates that the contributions of polarizabilities, anionic charges, electronic dipole 

moments, and the number of arene rings to the interactions can be experimentally measured by 

analyzing the folding equilibrium of the molecular torsion balances.  

 

Introduction 

Understanding noncovalent interactions, which are ubiquitous in chemical and biological systems, is 

very important for designing molecular catalysts, controlling macroscopic properties such as 

morphology and carrier mobility for device applications, and designing inhibitors in medicinal 

chemistry.[1] Experimental and theoretical studies have been conducted to understand the nature and 

strength of aromatic interactions between aromatic rings containing planar p-electron systems.[2–4] 

Curved nanocarbons such as fullerenes and carbon nanotubes containing curved p-electron systems[5] 

have diverse applications ranging from organic photovoltaics,[6] near-infrared photoluminescent 

probes and sensors,[7] to HIV protease inhibitors,[8] drug delivery systems,[9] and MRI contrast 

agents.[10] Therefore, noncovalent interactions at such curved nanocarbons have also attracted growing 

research interest. Matile et al. have recently proposed the concept of fullerene catalysis, assuming that 

anion‒p interactions act on the fullerene surface between the anionic reaction intermediate and the 

fullerene-based catalyst.[11] However, direct experimental evidence to determine the strength of such 

interactions is still lacking. Therefore, quantitative analysis and evaluation of such weak interactions 

appearing on the curved p-electron systems can contribute to various research fields. To quantify the 

noncovalent interactions at the fullerene surface, we have recently proposed a unimolecular model 

system that exhibits two types of conformational isomerism.[12] This system is synthesized by applying 

the molecular design of a torsion balance.[4b,4e] The torsion balance design consists of 

pyrrolidinofullerene that is connected to a biaryl structure containing a unit of interest through an ester 

linkage to verify the interaction between the fullerene surface and the unit, as shown in Figure 1. In 

the unfolded conformation, the unit of interest moves away from the fullerene surface, whereas in the 
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folded conformation, the target unit moves closer to the fullerene surface, resulting in noncovalent 

face-to-face interactions between them. The two conformers are in slow exchange on the 1H NMR 

timescale; therefore, the signal integration can be used in achieving high precision in the measurements 

of the folded–unfolded ratios at various temperatures.[13] The interaction between the unit and the 

fullerene surface can be evaluated using the folding free energies DGfold determined from NMR 

measurements. We observed a linear correlation between DGfold and the Hammett constant of the 

substituent on the benzene unit of interest with respect to the interaction between the benzene ring and 

the fullerene surface, indicating that electrostatic interactions contribute to the noncovalent face-to-

face interactions. Encouraged by these results, we prepared a series of molecular torsion balances 

containing different arene groups to understand the noncovalent face-to-face interactions between 

arenes and a fullerene surface. Moreover, we performed conformational analyses to understand the 

contributions of polarizabilities, anionic charges, electronic dipole moments, and the number of arene 

rings to these interactions in a quantitative manner. In particular, thioanisole—a sulfur-containing 

arene, phenol—an acidic proton-containing arene, naphthalene and azulene—simple structural 

isomers, and pyrene—a typical polyarene containing a large p-electron system—were selected as a 

unit of interest. Moreover, these arenes (and polyarenes) were introduced to the molecular torsion 

balance. 
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Figure 1. Synthesis route of the molecular torsion balance 1. The arene ring colored in blue (Ar) 

represents the unit of interest. 

 

Results and Discussion 

Synthesis and Characterization of the Newly Designed Molecular Torsion Balance 

The molecular torsion balances bearing 4-thiomethoxyphenyl, 4-hydroxyphenyl, naphthyl, azulenyl, 

and pyrenyl groups, designated as 1PhSMe, 1PhOH, 1Naph, 1Azu, and 1Pyr, respectively, were newly 

designed and synthesized using well-established Prato reactions.[14] In short, heating the toluene 

solution containing C60, aldehyde precursor 2, and glycine derivative 3 provided the molecular torsion 

balance 1 in reasonable yields. The molecular torsion balance 1 was isolated by silica gel column 

chromatography and subsequent gel permeation chromatography. It is noteworthy that 2Azu was 

successfully crystallized, and its structure was elucidated using single-crystal X-ray structure analysis, 

as shown in Figure 2. The dihedral angle around the biaryl group was nearly orthogonal (92.60º), which 

is important for expressing of two types of conformational isomerism in the torsion balance. The 

carbon‒carbon distance at the periphery of the azulenyl group was 1.39–1.41 Å, confirming that no 

bond alternation occurred at the azulene p-electron system. 
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Figure 2. ORTEP diagram of 2Azu with thermal ellipsoids shown at the 50% probability level. Solvent 

molecules are omitted for clarity. 

 

The obtained molecular torsion balances were identified by different spectroscopic techniques, 

including matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometry, 

absorption spectroscopy, and NMR. Among the synthesized molecular torsion balances, only 1PhSMe 

was found to be unstable in air due to the coexistence of the 4-thiomethoxyphenyl group and a C60 

core. The HPLC analysis of 1PhSMe after air exposure exhibited new broad peaks in the very slow 

retention time region, indicating the formation of highly polar degraded compounds. MALDI-TOF 

mass spectrometric analysis suggested that the newly formed species are the oxidized species of 1PhSMe 

(see Figure S6 in the Supporting Information). In a related work, we reported that photoirradiation of 

a mixture containing C60 and diethyl sulfide in the presence of O2 yields C60 epoxides, diethyl sulfoxide, 

and diethyl sulfone. Moreover, we found that the persulfoxide intermediate generated by the reaction 

between diethyl sulfide and in-situ-generated singlet oxygen via energy transfer from 3C60* to O2 

participate in the oxidation.[15] Therefore, it is reasonable to consider that exposure of light to 1PhSMe 

in air yielded the corresponding sulfoxide and sulfone derivatives of 1PhSMe (see Figures S4 in the 

Supporting Information) via a similar reaction mechanism. Because the oxidation proceeded further to 

provide additionally oxidized species, the sulfide and sulfone derivatives were not isolated nor further 

analyzed. Therefore, after preparation, the NMR sample of 1PhSMe was degassed and sealed 
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immediately, and then conducted for the NMR measurements.  

In this study, free energy is the key observable because of its importance in understanding 

noncovalent interactions in a solution.[1b] The free energy differences between the conformational 

isomers in the obtained torsional balance molecules were calculated from the signal integral ratios 

obtained from variable temperature (VT)-1H NMR measurements. The 1H NMR assignments for 

folded and unfolded conformations were performed based on the comparison between the observed 

chemical shifts and chemical shifts reported in previous studies.[12] In fact, the methyl protons 

introduced into the benzene ring of the biaryl group and methine protons at the pyrrolidine ring are 

well-separated and easily distinguishable for folded and unfolded conformers. To investigate the 

solvent effects, the VT-1H NMR measurements were conducted in two different solvent environments, 

that is, CDCl3 and C6D6. The thermodynamic parameters obtained in this study are listed in Table 1 in 

addition to selected data reported in our previous study.[12] Both the folding enthalpy and entropy DHfold 

and DSfold, respectively, were determined by fitting linear equations to the experimental data points, 

although the calculated uncertainty was relatively larger than that of DGfold because of the error 

propagation. As for 1PhOH, VT-1H measurements were conducted before and after adding 

diisopropylethylamine (DIEA). Moreover, effects of the deprotonation process on the conformational 

equilibrium were investigated. It is anticipated that at the conformation equilibrium, anion–fullerene 

interactions contribute to the folding process. Similar experiments were also conducted for 1PhOMe and 

1PhCN as control experiments. 

 

Table 1. Thermodynamic parameters DGfold, DHfold and TDSfold of 1 in CDCl3 and C6D6. 

Compound DGfold
[a] / kJ mol–1 DHfold

[b] / kJ mol–1 TDSfold
[b] / kJ mol–1 

 CDCl3 C6D6 CDCl3 C6D6 CDCl3 C6D6 

1PhSMe 0.02 ± 0.12 ‒0.21 ± 0.12 0.26 ± 0.66 5.35 ± 4.87 0.24 ± 0.76 5.56 ± 5.05 

1PhOMe[c] 0.18 ± 0.12 ‒0.07 ± 0.12 1.09 ± 0.47 3.47 ± 4.87 0.91 ± 0.53 3.54 ± 5.05 
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1PhOMe + DIEA[d] 0.06 ± 0.12 ‒0.09 ± 0.12 1.40 ± 0.84 3.61 ± 3.14 1.33 ± 0.99 3.69 ± 3.22 

1PhOH 0.57 ± 0.12 1.78 ± 0.12 4.99 ± 0.71 0.01 ± 1.73 4.42 ± 0.84 ‒1.76 ± 1.75 

1PhOH + DIEA[d] 0.36 ± 0.12 n/a[e] 5.04 ± 0.66 n/a[e] 4.69 ± 0.76 n/a[e] 

1PhCN[c] 1.14 ± 0.12 1.68 ± 0.12 0.27 ± 0.84 1.80 ± 4.87 ‒0.87 ± 0.99 0.12 ± 5.05 

1PhCN + DIEA[d] 0.96 ± 0.12 1.56 ± 0.12 1.77 ± 0.90 2.54 ± 3.14 0.80 ± 1.02 0.98 ± 3.22 

1Ph[c] 0.78 ± 0.12 0.71 ± 0.12 2.09 ± 0.50 1.55 ± 4.87 1.31 ± 0.56 0.83 ± 5.05 

1Naph ‒0.71 ± 0.12  ‒0.34 ± 0.12 0.46 ± 0.84 ‒3.45 ± 3.14 1.16 ± 0.99 ‒3.11 ± 3.22 

1Azu ‒0.98 ± 0.12 ‒0.67 ± 0.12 ‒0.37 ± 0.84 ‒7.90 ± 4.87 0.61 ± 0.99 ‒7.24 ± 5.04 

1Pyr ‒3.00 ± 0.12 ‒3.37 ± 0.12 ‒1.79 ± 0.54 ‒6.38 ± 4.87 1.21 ± 0.61 ‒3.01 ± 5.04 

[a] The values in the data are averaged over multiple (³3) measurements at 298 K. For an error analysis 

see refs. [12–13] and the Electronic Supplementary Information. [b] The values in the data are 

averaged over multiple (³3) measurements at 298 K. Uncertainty was estimated using error 

propagation equations. For details, see the Electronic Supplementary Information. [c] Ref. [12]. [d] 

DIEA (20 µL) was added to the NMR sample containing 1 in 800 µL of CDCl3. [e] Data not available 

because of complex signal splitting owing to insufficient deprotonation resulting from the addition of 

DIEA. 

 

The optimized structures of the folded and unfolded conformers of 1PhSMe, 1PhOH, 1Naph, 1Azu, and 1Pyr 

were obtained from density functional theory (DFT) calculations at the M06-2X[16] level of theory 

using the 6-31G(d)[17] basis sets. The effects of chloroform as the solvent were introduced based on 

self-consistent reaction field theory calculations performed using the IEFPCM method.[18] As shown 

in Figure 3, the DFT calculations suggest that all of the five torsion balances prefer folded conformers 

to unfolded ones. Particularly, the calculated energy difference between the folded and the unfolded 

conformers in 1Py is prominent and as large as 17 kJ mol–1. In the optimized structures of the folded 

conformers, the terminal arene rings are arranged parallel to the fullerene surface to hold the face-to-

face configuration with the smallest carbon–carbon distance of 3.1–3.2 Å. 
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Figure 3. Optimized structures and relative energies (in kJ mol–1) of the folded and unfolded 

conformers of 1PhSMe, 1PhOH, 1Naph, 1Azu, and 1Pyr determined using the M06-2X[16]/6-31G(d)[17] level 

of theory. Effects of chloroform as the solvent were introduced through self-consistent reaction field 

theory calculations performed using IEFPCM method.[18] The carbon atoms of the terminal arene rings 

are highlighted in green. 

 

Sulfur-Containing Arene–Fullerene Interactions 

The nature of sulfur–arene interactions have been explored extensively in a number of studies because 

such interactions are abundant in proteins and protein–ligand complexes, where sulfur-containing 

amino acid side chains (Met and Cys) play a key role.[1a,1e,19] In this context, we first focused on the 

contribution of sulfur in the noncovalent arene–fullerene interactions by comparing the 

thermodynamic data of 1PhSMe with those of 1PhOMe and 1Ph, as illustrated in Figure 4. 

 

 

Figure 4. Schematic illustration of the folded conformers of 1Ph, 1PhOMe, and 1PhSMe. 

 

The positive DGfold value of 1PhOMe in CDCl3 indicate that the major contributor in the interaction is 
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considered to be the Pauli repulsion term. In CDCl3, the difference in the folding free energies of 1PhSMe 

and 1PhOMe was –0.16 kJ mol–1, indicating that the equilibrium shifts toward the folded conformation 

by replacing the methoxy group with a thiomethoxy group. Moreover, this replacement also reduced 

the DHfold value by 0.83 kJ mol–1 (DHfold of 1PhOMe = 1.09 kJ mol–1; DHfold of 1PhSMe = 0.26 kJ mol–1), 

indicating that the folded conformation of 1PhSMe is also relatively favored in terms of enthalpy 

compared to that of 1PhOMe. Figure 5a shows the relationship between the individual DGfold values and 

the Hammett constant for the substituent in the terminal benzene ring. The Hammett constant[20] at the 

para position (spara) of the thiomethoxy group (spara= 0) was relatively positive than that of the 

methoxy group (spara = –0.27). Nevertheless, 1PhSMe favored the folded conformation more strongly 

than 1PhOMe. Therefore, the relative preference of the folded conformers for sulfur over oxygen in 

measuring the conformational equilibrium in 1PhOMe and 1PhSMe could be attributed to its higher 

polarizability values. In addition, significant difference (0.76 kJ mol–1) was observed in the DGfold 

values between 1Ph and 1PhSMe, even though the spara values of hydrogen and the thiomethoxy group 

were zero. In this context, the DGfold values between 1Ph and 1PhSMe should be identical if the aerne–

fullerene interaction was governed solely by the electrostatics of the benzene quadrupoles. Since that 

is not the case, the relative preference of the folded conformer in 1PhSMe over those in 1PhOMe and 1Ph 

corresponds to the difference in the dispersion terms. In fact, the polarizability value of thioanisole, 

which can be recognized as the model for the arene moiety in 1PhSMe, was reported to be 15.9 Å3,[21] 

which is larger than those of benzene (10.4 Å3)[22] and anisole (13.1 Å3).[22] Figure 5b shows the 

relationship between DGfold and mean polarizability (a) of the corresponding arene molecules (Ar-H). 

The results indicate that the attractive dispersion interactions play dominant role in the arene–fullerene 

interactions in 1PhSMe that is sufficient for overcoming the Pauli repulsive terms between the fullerene 

and thioanisole moiety. In addition, the DGfold value of 1PhSMe in CDCl3 was within the range of the 

Hammett constant criterion, suggesting that the location of the attractive interaction can be regarded 

as the arene–fullerene contact rather than the direct sulfur–fullerene contact. In a related work, 

Motherwell et al. reported that a oxathilane compound containing a dibenzobicyclo[3,2,2]nonane 
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scaffold exhibit a preferential S–arene interaction rather than O–arene interaction with the free energy 

difference of –2.9 kJ mol–1 in CDCl3.[23] In C6D6, the DGfold value of 1PhSMe was lower than that of 

1PhOMe by 0.14 kJ mol–1. However, the enthalpy and entropy terms exhibited large positive values, 

suggesting that the competitive solute–solvent interactions and rearrangement of the solvent molecules 

that are in contact with the solute surface contribute largely to the free energy difference. 

 

 
Figure 5. Experimental DGfold values in CDCl3 (open circles) and C6D6 (solid circles) plotted against 

the a) Hammett constant spara values of respective substituents in the terminal benzene ring in 1 and 

b) mean polarizability (a) values of the corresponding arene molecules (Ar-H). The thermodynamic 
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data of 1PhNMe2, 1PhOMe, 1Ph, 1PhCl, 1PhCN, and 1PhNO2 were taken from Ref. [12]. The a values were 

taken from Refs. [21, 22]. 

 

Anionic Arene–Fullerene Interactions 

Conformational analysis of the molecular torsion balance containing an acidic 4-hydroxyphenyl group, 

1PhOH, was performed to evaluate not only the noncovalent interaction between C60 and the 4-

hydroxyphenyl group but also the interaction between C60 and the corresponding phenoxide anion, 

which can be produced by adding an appropriate base such as DIEA to 1PhOH. The former could be 

regarded as a model for the interaction between C60 and Tyr residues in proteins. In a related work, 

protein-directed self-assembly of a fullerene crystal was reported by Kim et al., in which the 

substructure of a C60 molecule sandwiched between two Tyr residues was resolved by X-ray 

crystallography.[24] In addition, the interaction between C60 and a phenoxide anion could be regarded 

as a model for the poorly understood anion–fullerene interactions.[11] As seen in Figure 5, the DGfold 

value of 1PhOH in CDCl3 is consistent with the correlation line with the Hammett constant obtained in 

our previous study.[12] However, in C6D6, the DGfold value of 1PhOH was significantly far off the linear 

relationship. The folding enthalpy and entropy terms of 1PhOH showed relatively large positive values 

in CDCl3; however, these values decreased significantly in C6D6, suggesting that the conformational 

isomerism was strongly affected by the solute–solvent interactions. This could be because of the acidic 

character of the hydroxyphenyl group at the terminal benzene ring in 1PhOH. It is likely that in CDCl3, 

the solvent molecules interact strongly with the surface of the unfolded conformer of 1PhOH because 

of its larger molecular surface than the folded conformer. This surface area is reduced when 1PhOH 

forms the folded conformer. The large TDS value of 1PhOH in CDCl3 could be derived from the release 

of the solvent molecules from the molecular surface. It is also likely that in C6D6, the solute–solvent 

interactions reduce, and solvent molecules prefer to interact with each other, because benzene is a 

nonpolar and planar molecule.  

The deprotonation process of the hydroxy group in 1PhOH was investigated. The 1H signals of the 
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phenolic protons were observed as broad signals and exhibited a characteristic temperature-dependent 

chemical shift. By adding DIEA, the phenol moiety of 1PhOH converted to the corresponding phenoxide. 

In fact, the phenolic proton signal disappeared completely by the addition of DIEA, confirming that 

the phenolic structure was sufficiently converted to the phenoxide structure under the applied condition 

in CDCl3, as illustrated in Figure 6a. Therefore, the interaction between phenoxide and fullerene can 

be observed upon adding DIEA. Similar experiments were conducted for 1PhOMe and 1PhCN as control 

experiments, and the effect of polarity changes of the solvent environment owing to the addition of 

DIEA on the DGfold values was evaluated. This is because the DIEA-induced polarity change of the 

solvent environment could be inevitable, even if the amount of DIEA added is small. On the other 

hand, in C6D6, insufficient deprotonation was observed upon the addition of DIEA; therefore, the 

thermodynamic data after the addition of DIEA in C6D6 is not presented here. Moreover, adding DIEA 

decreased the DGfold values of 1PhOMe and 1PhCN by 0.16 and 0.18 kJ/mol–1, respectively, as summarized 

in Figure 6b. In the case of 1PhOH, the decrease in the DGfold value upon DIEA addition was 0.21 

kJ/mol–1. In this context, the difference of approximately 0.03 kJ/mol–1 could be attributed to the 

additional attractive component in the overall interactions. The data corresponding the proposed model 

system suggest that the direct anion–p interaction between the phenoxide anion and the fullerene 

surface is weak but measurable. 
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Figure 6. a) Schematic illustration of the partial structures of the folded conformers of 1PhOH and its 

deprotonation process. b) Experimental DGfold values (in CDCl3) of 1PhOMe, 1PhCN, and 1PhOH before 

and after DIEA addition. 
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of naphthalene, is polar and has a dipole moment as large as 1.08 D.[25] Therefore, the contribution of 

the dipole moment to the interactions can be evaluated by comparing the conformational behaviors of 

1Naph and 1Azu. We first compared the absorption spectra of 2Azu and 1Azu. The azulene–fullerene 

electronic interaction was not observed in the absorption spectra. In a related work, Stella et al. reported 

that the binding constant of the complexation of azulene and C60 was too small to be measured in the 
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hand, our designed and synthesized torsion balance system allows us to evaluate the azulene–fullerene 

interaction, which cannot be evaluated by traditional titration experiments. 

Figure 7 shows the scattered plots of experimental DGfold values and the number of rings in the 

polyarene unit, and those against the polarizability of the corresponding polyarene molecule (ArH). 

The data indicated clearly that the DGfold values are decreased as the number of rings increased. It is 

noteworthy that 1Pyr exhibited the most negative DGfold values in CDCl3 (–3.00 kJ mol–1) and in C6D6 

(–3.37 kJ mol–1). The large stabilization of the folded conformers in 1Pyr is consistent with the DFT 

calculations mentioned above. In addition, the DHfold values are also decreased clearly as the number 

of rings increased, suggesting the existence of a strong noncovalent bonding between the pyrene unit 

and the fullerene surface. Therefore, it is reasonable to consider that the major contributor of the 

noncovalent polyarene–fullerene interactions are the dispersion terms. In a related work, Zeinalipour-

Yazdi et al. reported that the basis set superposition error (BSSE)-corrected binding energies of face-

to-face benzene–polyarene supramolecules at equilibrium separation exhibit a linear relationship with 

the number of carbon atoms in the supramolecules.[27] Moreover, the static polarizabilities exhibit a 

similar linear dependence with the number of carbon atoms. The difference in the BSSE-corrected 

binding energies between benzene–benzene and naphthalene–benzene was calculated to be 6.2 kJ mol–

1. In this context, the calculated interactions between planar polyarenes and benzene, which are 

stronger compared to those between polyarenes and fullerenes measured in this work, could be derived 

from the effective stacking geometries in the planar p-electron systems. Azulene has lower 

polarizability (15.5 Å3) than naphthalene ((17.4 Å3);[28] therefore, it can be assumed that the 

naphthalene–fullerene interaction will be stronger than the azulene–fullerene interaction. However, 

our results show that the DGfold values of 1Azu in CDCl3 (–0.98 kJ mol–1) and C6D6 (–0.67 kJ mol–1) 

are more negative than those of 1Naph (–0.71 kJ mol–1 in CDCl3 and –0.34 kJ mol–1 in C6D6). This 

observation suggests stronger interaction between azulene and fullerene than that between naphthalene 

and fullerene. Therefore, it is considered that the observed free energy difference between 1Naph and 

1Azu was mainly caused by the contribution of the dipole moment of the azulene moiety. Thus, it is 
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suggested that the polar component of the noncovalent interaction is attractive and as large as ~0.3 kJ 

mol–1 for the system studied here. 

 

 
Figure 7. a) Schematic illustration of the partial structures of the folded conformers of 1Naph, 1Azu, and 

1Pyr. Experimental DGfold values of 1Naph, 1Azu, and 1Pyr in CDCl3 (open circles) and C6D6 (solid circles) 

plotted against the b) number of rings in the polyarene unit in 1 and c) mean polarizability (a) values 

of the corresponding polyarene molecules (Ar-H). The thermodynamic data of 1Ph were taken from 

Ref. [12]. The a values were taken from Refs. [28]. 
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Hammett constants of the substituents of the benzene ring. The free energy difference between 1Ph and 

1PhSMe in CDCl3 was found to be 0.76 kJ mol–1, indicating that dispersion interactions play an important 

role in the overall interactions. Direct interactions between sulfur and the fullerene surface were not 

observed clearly in 1PhSMe. Instead, the presented data suggested that the interaction between the 

thioanisole moiety and the fullerene surface could be explained based on the Hammett constant 

criterion. Second, measurements of the noncovalent interaction between an anionic arene moiety and 

the fullerene surface were achieved through deprotonation of 1PhOH by adding DIEA. The net decrease 

in the folding free energy by 0.03 kJ/mol–1 following the deprotonation could be attributed to the 

anion–p interaction between the phenoxide anion and the fullerene surface. However, the difference 

was very small, and any special attractive force related to the anionic charges was not observed in the 

presented model system. Third, in the noncovalent polyarene–fullerene interactions in 1Ph, 1Naph, 1Azu, 

and 1Pyr, the folding free energies became more negative values as the number of rings in the 

polyarenes increased. The difference in the folding free energies was 3.78 kJ/mol–1 in CDCl3 and 4.08 

kJ/mol–1 in C6D6. The strong stabilization of the folded conformers in the polyarene–fullerene systems 

could be due to the large polarizabilities of the polyarenes. Finally, the contributions of the electronic 

dipole moment to the arene–fullerene interactions were investigated by comparing the thermodynamic 

data of 1Naph and 1Azu, and found to be as large as 0.27 kJ/mol–1 in CDCl3 and 0.33 kJ mol–1 in C6D6. 

We believe that the present quantitative analysis will provide valuable data to guide the design of 

nanocarbon-based functional materials. 
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