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ABSTRACT: A new supramolecular complex with a dimeric
structure (2Y3N@C80⊂OPP) constructed by metallofullerene
Y3N@Ih-C80 and figure-of-eight molecular nanoring of oligopar-
aphenylene (OPP) was investigated using dispersion-corrected
density functional theory (DFT-D3). The interactions between the
Y3N@Ih-C80 guest and the OPP host were studied theoretically at
the B3LYP-D3/6-31G(d)∼SDD level. By analyzing geometric
characteristics and host−guest binding energies, it is revealed that
the OPP is an ideal host molecule for the Y3N@Ih-C80 guest.
Typically, the OPP can well induce the orientation of the
endohedral Y3N cluster on the plane of nanoring. Meanwhile, the configuration of the dimeric structure demonstrates that OPP
presents excellent elastic adaptability and shape flexibility during the encapsulation of Y3N@Ih-C80. Highly accurate binding energy
suggests that 2Y3N@C80⊂OPP (∼−443.82 kJ mol−1 at the ωB97M-V/def2-QZVPP level of theory) is an extremely stable host−
guest complex. Thermodynamic information indicates that the formation of the 2Y3N@C80⊂OPP dimer is thermodynamically
spontaneous. Furthermore, electronic property analysis reveals that this dimeric structure has a strong electron-attracting ability.
Energy decomposition and real-space function analyses of host−guest interactions reveal the characteristics and nature of the
noncovalent interactions in the supramolecules. These results provide theoretical support for the design of new host−guest systems
based on metallofullerene and nanoring.

1. INTRODUCTION
Endohedral metallofullerenes are metal−carbon hybrid mole-
cules with interesting core−shell structures, with metallic
species (atoms or clusters) imprisoned in carbon cages.1 Since
their discovery, metallofullerenes have been found to have a
wide variety of applications in different fields, such as
biomedical imaging, solar energy conversion, and electronic
devices.2−4 In addition, metallofullerenes have significant
applications in chemistry and materials. Among them, the
construction of supramolecular complexes based on metal-
lofullerenes is one of the most active fields.5

Carbon nanorings are a kind of representative host to
accommodate metallofullerene and modulate the physical and
chemical properties.6 As a type of concave receptor, carbon
nanorings can encapsulate the convex surface of metal-
lofullerenes and maximize stabilization through so-called
concave−convex π−π interactions. The most representative
examples of carbon nanorings are cyclophenylpropylenes
(CPPs), which consist of phenylene units that are para-linked
in a cyclic manner and represent the shortest fragment of an [n,
n]armchair carbon nanotube. After the discovery of C60 being
trapped in [10]CPP by Yamago et al.,7 the following class of
host−guest supramolecular systems has received great

attention: C59N⊂[10]CPP,8 C70⊂[10−11]CPP,9 La@
C82⊂[11]CPP,10 Gd@C82⊂[11]CPP,11 etc.

Since the landmark synthesis of [9]-, [12]-, and [18]CPP in
2008,12 a diversity of [n]CPPs and more CPP derivatives have
been developed, including lemniscates,13 cylinders,14 propel-
lers,15 and catenanes.16 Derivatives of CPPs have facilitated the
discovery of macrocyclic conjugated structures, which often
have unique nanoscale cavities that can be used for
supramolecular assembly. From the perspective of molecular
design, two CPPs can be fused with different linkers to
assemble a fully conjugated figure-of-eight nanoring. Recently,
a novel figure-of-eight nanoring of oligoparaphenylene (OPP)
has been reported. The molecular skeleton consists of two
[10]paraphenylene loops and a cyclooctatetrathiophene.17 The
remarkable thing about this macrocycle is that its two cavities
can each house a molecule, such as fullerenes C60 and C70,
through noncovalent interactions to form peanut-like 1:2
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host−guest complexes, which have been demonstrated and
characterized by X-ray crystallography.17 Therefore, it is
interesting to explore more supramolecular complexes based
on this figure-of-eight nanoring of OPP.

It has been recently shown that [12]CPP is suitable for
encapsulating C80-based metallofullerenes and forming stable
host−guest complexes.18−25 Notably, the cavity sizes of OPP
and [12]CPP are relatively close, so it is possible to hoop C80-
based metallofullerenes with OPP. As mentioned above,
metallofullerenes have richer physical and chemical properties
than hollow fullerenes. Notably, compared to hollow fullerene
C70, which also has thermally activated delayed fluorescence
(TADF) properties, Y3N@C80 holds a smaller S1−T1 energy
gap (ΔEST), which allows T1 excitons to be transferred back to
S1 excitons by reverse intersystem crossing,26 resulting in
stronger fluorescence emission. Therefore, Y3N@C80 offers the
possibility of using itself as a TADF material for applications
such as OLEDs.27 It is meaningful to construct a peanut-like
1:2 host−guest complex based on metallofullerenes and this
figure-of-eight nanoring to study the changed properties in this
dimeric structure.

In this study, we explored a new supramolecular complex
with a dimeric structure constructed by metallofullerene Y3N@
Ih-C80 and a figure-of-eight molecule of OPP by means of
density functional theory (DFT) calculations. Two supra-
molecular systems of Y3N@C80⊂OPP and 2Y3N@C80⊂OPP
were theoretically assessed (hereafter the Ih-prefix is omitted
for simplification). The results of this study can provide
important information for understanding the structure and
properties of this kind of supramolecular complex.

2. COMPUTATIONAL METHODS
All of the geometric optimizations were carried out by the
B3LYP-D3 method within the 6-31G(d)∼SDD level [the 6-
31G(d) basis set for C, H, and S atoms; the MWB28 basis set
for Y atoms].28−30 Here, Grimme’s DFT-D3 method,31 which
provides an empirical dispersion correction for DFT, was
employed for the present study. Then, harmonic frequency
analyses were performed at the same level to confirm whether
those structures were local minima or transition states on the
potential energy surface. Geometry optimizations and
frequency analyses were implemented by the Gaussian 09
program.32

To obtain accurate binding energy for supramolecular
complexes, the ωB97M-V functional in combination with a
very large def2-QZVPP basis set was employed in single-point
calculations.33,34 The ωB97M-V is fairly accurate for evaluating
intermolecular interactions,35 and single-point calculations
were conducted using the ORCA 5.0.3 program36 via the
RIJCOSX technique37 to accelerate the calculations.

The electrostatic potential (ESP), energy decomposition
analysis based on forcefield (EDA-FF), and independent
gradient model based on Hirshfeld partition (IGMH) analyses
were all finished by Multiwfn 3.8 (dev) code.38−41

Thermochemical properties were calculated by the Shermo
package.42

3. RESULTS AND DISCUSSION
3.1. ESP Analysis and Geometric Configurations

(Y3N@C80⊂OPP and 2Y3N@C80⊂OPP). The ESP of a
molecule represents the interaction energy per unit charge at
a given position between the molecule and an external

environment, without considering the effects of charge transfer
and polarization. The red (blue) area represents the surface
local maxima (minima) of the ESP (as shown in Figure 1).

To elucidate the interactions between the two systems, the
ESP of the system was analyzed (Figure 1a−d). The OPP
displayed negative regions associated with phenyl rings, while
the edges of the ring showed positive regions due to the
presence of hydrogen atoms (Figure 1b). Therefore, the cavity
was mostly negative, which would be favorable for accom-
modating electron-deficient species. According to previous
studies, C60 and C70 exhibited nearly zero ESP, with only very
slight positive regions observed in C76 and C78. Nevertheless,
the presence of metal clusters in the endofullerenes introduced
a greater degree of asymmetry in charge distribution, resulting
in fairly pronounced positive and negative regions in the
ESP.43 Y3N@C80 (Figure 1a) appeared to have a markedly
positive region where the Y atom is in contact with the carbon
cage, while the carbon cages near the N atom of the Y3N
cluster showed a negative region. This was similar to the ESP
behavior of Sc2C2@C2n (n = 40, 41, and 42).19

In addition, the size effect is a crucial factor influencing the
self-assembly of host−guest molecules. The Y3N metal cluster
is encapsulated by the C80 cage to form a stable C80-based
metallofullerene, Y3N@C80. The diameter of Y3N@C80 is
approximately 8 Å, and OPP has two nanoscale cavities, which
are ellipsoidal in shape with a long axis length of approximately
19.43−19.50 Å and a short axis length of approximately
14.33−14.40 Å. This provides the possibility for both to form
host−guest supramolecular complexes (1:1 and 1:2). Figure 2
shows the most stable structures found for the complexes of
OPP with the Y3N@C80 (Y3N@C80⊂OPP and 2Y3N@
C80⊂OPP) considered in this work. For the Y3N@C80⊂OPP
complex, Y3N@C80 fits nicely within the cavity of OPP and
establishes excellent interactions with all phenyl units. The
orientation of the endofullerene in the cavity places the
endohedral Y atom on the plane of the nanoring, which means
that the carbon atoms always face the phenylacetylene ring
when interacting with the endohedral unit. The 2Y3N@
C80⊂OPP complex displayed similar features, and the Y3N
cluster encapsulated in the C80 cage was relatively fixed in
position in the complex and almost coincided with the plane of
the ring. However, the structure is less stable relative to the
other directions of the host, which is possibly due to the
asymmetry of the electron charge, as shown in Figure 1a−d.
The ESP of the endofullerene is more pronounced in the
region where the endohedral unit contacts the carbon cage.

Figure 1. ESP diagram of the van der Waals surface: (a) Y3N@C80,
(b) OPP, (c) Y3N@C80⊂OPP, and (d) 2Y3N@C80⊂OPP. The color
scale is given in a.u.
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Figure 2. Interfacial distances (di) between host and guest of (a) Y3N@C80⊂OPP and (b) 2Y3N@C80⊂OPP.

Figure 3. Configurations, geometric parameters, and dipole moment information of metallofullerene complexes optimized by DFT.
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Considering that the ESP of the edge of the OPP cavity has a
noticeable negative charge, the metallofullerene is oriented
such that its positive charge region faces the negative charge
region of the host. The configuration of this complex is
consistent with previous studies of supramolecular systems of
three metal nitride fullerenes (DyY2N@C80⊂[12]CPP, Y3N@
C80⊂[12]CPP, and Sc3N@C80⊂[11]CPP).22,25,43 Hence, from
an electrostatic point of view, the C80-based fullerenes would
be oriented with the endohedral atoms on the plane of OPP,
thus allowing complementary ESP regions to be in close
contact (Figure 1c,d).43

Figure 2 also shows the interface distance (di) between the
host and guest. Here, di means the interfacial distance between
the centroid of a ring unit of the host and the nearest centroid
of a hexagon or pentagon of an endofullerene. The di values for
Y3N@C80⊂OPP and 2Y3N@C80⊂OPP were 3.68−6.37 Å
(Figure 2a) and 3.62−6.74 Å (Figure 2b), respectively, with a
wide distribution. This indicates that the attraction between
the endofullerene and OPP is not uniform. The narrower the
interface is, the stronger the interaction between Y3N@C80 and
OPP, as the interface distance is not significantly larger than
the vdW distance between graphene sheets (3.4 Å).

To further evaluate the noncovalent interactions and shape
flexibility of OPP, the geometrical parameters and dipole
moments of the OPP host and its main guest complexes are
detailed in Figure 3. Calculated Gibbs free energies indicate
that the formation of the host−guest complexes is
thermodynamically favorable, with 165.56−138.90 kJ mol−1

downhill for each additional Y3N@C80 hosted by OPP
(detailed parameters listed in Table 1). When the host−

guest forms a 1:1 fullerene complex, the cavities of the OPP
become shorter by approximately 0.50 Å and narrower by
approximately 0.61 Å, with these slight shape changes
occurring simultaneously with an increase of approximately
5° in the thiophene dihedral angle. The resulting deformation
energy of the ring compensates for the noncovalent host−guest
interactions, allowing the host OPP to adopt a more
compressed and curved shape to better accommodate the
convex guest molecule. Meanwhile, the geometry of the other
cavity of the OPP remains nearly unchanged. When the second
Y3N@C80 is complexed, similar geometric changes occur in the
latter cavity, becoming shorter and wider as the thiophene
dihedral angle increases. Notably, this is in contrast to the
changes in the optimized 2C60@OPP and 2C70@OPP
complexes17 (the host OPP cavity becomes longer and
narrower as the thiophene dihedral angle decreases), indicating
that the figure-of-eight nanoring OPP can cleverly arrange
slightly different shapes for larger-volume C80-based metal-
lofullerenes, demonstrating the adaptability and shape
flexibility of OPP. Furthermore, the effect of the host molecule
on the endohedral unit is also of concern. As previously

mentioned, Y3N is planar in both the metallofullerene and the
complexes, and the Y−N distances and the Y−N−Y angles are
not significantly different (as shown in Table S1), indicating
that the weak interaction between the host and the guest did
not significantly affect the endohedral cluster.

Furthermore, due to the quasi-symmetry of OPP, free OPP
has a small dipole moment of almost zero (0.13). However, all
the host−guest complexes are polar supramolecules with
certain dipole moments as a result of the electron-rich nature
of the main guest and the electron-deficient nature of the guest
metallofullerene.

3.2. Binding Energies and Thermodynamic Proper-
ties. Binding energy is very valuable and decisive for
measuring the stability and strength of intermolecular
noncovalent interactions of supramolecular systems. Table 1
lists the binding energies (ΔE) calculated at the ωB97M-V/
def2-QZVPP level. For the Y3N@C80⊂OPP complex, ΔE is
approximately −233.99 kJ mol−1. In addition, it is noted that
ΔE in 2Y3N@C80⊂OPP is close to twice that of the Y3N@
C80⊂OPP complex, which is due to the larger π−π contact
regions of the host−guest molecule. Furthermore, it is
important to note that the binding energy of 2Y3N@
C80⊂OPP is significantly larger than that of the 2C60@OPP
and 2C70@OPP systems,17 indicating that OPP exhibits higher
stability in encapsulating C80-based metallofullerenes. Appa-
rently, the design of efficient fullerene receptors mainly relies
on favorable dispersion interactions in an attempt to maximize
the contact surface between the fullerene and the host
molecule.43−46 The incorporation of Y3N@C80 into the
complex system increases the π−π contact area, thereby
enhancing the host−guest interactions. In order to provide
more information about the suitability of the OPP cavity, the
binding of Y3N@C80 and [11]CPP was calculated and the
relative stability of the complexes studied in this work was
compared. The binding energy of Y3N@C80⊂[11]CPP was
estimated at the very accurate ωB97M-V/def2-QZVPP level
and is −238.90 kJ mol−1, which is between Y3N@C80⊂OPP
(−233.99 kJ mol−1) and 2Y3N@C80⊂OPP (−443.82 kJ
mol−1).

The thermodynamic information of the encapsulations of
Y3N@C80 by the OPP at 298.15 K and 1 atm obtained by
using DFT calculations at the B3LYP-D3/6-31G(D)∼SDD
level of theory is also given in Table 1. The relative order of
ΔG and ΔH for the 1:1 and 1:2 complexes is consistent with
the relative order of ΔE. The binding of Y3N@C80 and OPP is
spontaneous, with ΔG values of −165.56 and −304.46 kJ
mol−1 for Y3N@C80⊂OPP and 2Y3N@C80⊂OPP, respectively.
For the 1:2 complex, the ΔG of 2Y3N@C80⊂OPP is larger
than that of Y3N@C80⊂OPP, indicating that the OPP
molecule is more likely to bind two Y3N@C80 to form 1:2
complexes. Based on the ΔH value, both complex formation
reactions are exothermic, with the enthalpy contribution
arising from the reduction of intermolecular interaction forces
and the resulting decrease in the internal energy of the system.
The free molecules decreased after the formation of the host−
guest complexes, and correspondingly, the entropies of the two
complexes decreased by −204.83 to −421.05 J mol−1 K−1. All
of this thermodynamic information indicates that the binding
of Y3N@C80 to OPP in the vacuum was enthalpy-driven and
entropy-opposed.

3.3. Frontier Orbital Features and Electronic Proper-
ties. It is well known that the frontier molecular orbitals
include the highest occupied molecular orbital (HOMO) and

Table 1. Binding Energies (ΔE, kJ mol−1) between Y3N@
C80 and OPP, the Changes of Gibbs Free Energy (ΔG, kJ
mol−1), Enthalpy (ΔH, kJ mol−1), and Entropy (ΔS, J mol−1

K−1) of the Formations of the 1:1 and 1:2 Complexes

complexes ΔEa ΔG ΔH ΔS

Y3N@C80⊂OPP −233.99 −165.56 −226.63 −204.83
2Y3N@C80⊂OPP −443.82 −304.46 −429.99 −421.05

aObtained at the ωB97M-V/def2-QZVPP level//B3LYP-D3/6-31G-
(d)∼SDD level.
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the lowest unoccupied molecular orbital (LUMO), and the
electrons in the frontier orbitals, such as the valence electrons
in atoms, are the core of molecular reactions. Figure 4 shows
the composition and energy levels of the frontier orbitals of
Y3N@C80 and OPP in the 1:1 and 1:2 complexes. The frontier
orbital gap of OPP was much larger than that of Y3N@C80 and
their complexes. The HOMOs of the complexes are
completely derived from the HOMO of the host OPP, and
the LUMOs of the two complexes are completely derived from
the LUMO of the guest endofullerene Y3N@C80. Namely, the
LUMO level of the free Y3N@C80 can be raised by
noncovalent binding with the nanoring, which may be very
significant for endofullerene as a promising potential electron-
accepting component in high-performance solar cells.47 It is
worth noting that for both Y3N@C80⊂OPP and 2Y3N@
C80⊂OPP, their gap values are almost the same as those of
Y3N@C80, which indicates that the electronic properties of the
complexes may heavily depend on the guest molecule.

To further reveal the electronic behavior and properties of
supramolecular complexes, the ionization potential (IP) and
the electron affinity (EA) were calculated, where the IP and EA
were specified from the energies of the corresponding charged
and neutral species. Table 2 presents the calculated values of

vertical ionization energy (IPv), adiabatic ionization energy
(IPa), vertical electron affinity (EAv), and adiabatic electron
affinity (EAa) for OPP, Y3N@C80, and their supramolecular
complexes. The results indicate that the IP and EA of free
Y3N@C80 are both higher than those of free OPP, indicating
that OPP exhibited a stronger electron-donating capacity but a
weaker electron-accepting capacity than Y3N@C80 in their
isolated states. A comparison shows that the electrons in the
supramolecular complexes Y3N@C80⊂OPP and 2Y3N@
C80⊂OPP are more bonded than free OPP and have a much
stronger capacity to capture an additional electron since both

the IP and EA of the complexes are larger than those of the
free OPP. These findings suggest that encapsulating Y3N@C80
in OPP to form complexes is an effective way to change the
electronic properties of OPP.

In supramolecular systems, charge transfer is a common
phenomenon that can stabilize the resulting complexes. The
magnitude of charge transfer is largely determined by the
distance and orientation between the molecules, as well as the
electron affinity of the acceptor molecule. The formation of
charge transfer complexes can influence the electronic
structure and properties of the individual molecules involved,
leading to changes in their reactivity and optical properties.48,49

Table 3 presents the Mulliken and natural population atom
(NPA) charge transfers between the host and guest molecules

during the formation of the two complexes. The results show
that the Mulliken and NPA charge transfers for Y3N@
C80⊂OPP are 0.28 and 0.06 e, respectively, leading to the
formation of a polar complex, Y3N@C80

δ−⊂OPPδ+. The charge
transfer amount of the Y3N@C80⊂OPP as derived via Mulliken
analysis is substantially larger than that of the [11]CPP−La@
C82 complex reported by Yamago et al.10 More charge transfer
is an indispensable factor for the stability of supramolecular
complexes. Interestingly, the Mulliken and NPA charge
transfers of the 2Y3N@C80⊂OPP complex are 0.11 and 0.56
e, respectively, which are 2 times higher than those of Y3N@
C80⊂OPP. This indicates that the amount of charge transfer
between supramolecular complexes is intimately related to the
number of guest molecules.

3.4. Energy Decomposition Analysis and Weak
Interaction Regions. To determine the nature of weak
interactions in supramolecular complexes, energy decomposi-
tion analysis based on the classical molecular force field (EDA-
FF) was carried out with Multiwfn software. This method can
decompose the weak interactions of the system into dispersion
interactions, electrostatic interactions, and repulsive interac-

Figure 4. Frontier molecular orbital and the corresponding energy level diagram of Y3N@C80, Y3N@C80⊂OPP, 2Y3N@C80⊂OPP, and OPP.

Table 2. Vertical Ionization Potentials (IPv, eV), Adiabatic
Ionization Potentials (IPa, eV), Vertical Electron Affinity
(EAv, eV), and Adiabatic Electron Affinity (EAa, eV)

systems IPv IPa EAv EAa

OPP 5.76 5.72 1.20 1.36
Y3N@C80 6.65 6.63 1.97 2.02
Y3N@C80⊂OPP 5.83 5.77 1.82 1.89
2Y3N@C80⊂OPP 5.86 5.81 2.12 2.17

Table 3. Mulliken and Natural Population Analysis (NPA)
Charge Transfers (e) between the Host and Guest at the
B3LYP-D3/6-31G(d)∼SDD Level

complexes NPA Mulliken

Y3N@C80⊂OPP 0.06 0.28
2Y3N@C80⊂OPP 0.11 0.56
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tions. The electrostatic interaction energy between atoms A
and B (EAB

ele) is shown below

=E
q q

rAB
ele A B

AB (1)

where q is the atomic charge, and rAB is the distance between A
and B.
Erep is the repulsive interaction, and Edisp is the attractive

dispersion interaction. They are calculated as follows
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where εAB is the well depth of the interatomic van der Waals
interaction potential, and RAB

0 is the van der Waals nonbond
distance. EDA-FF is highly dependent on interatomic and
nonbond distances; therefore, we cannot be too demanding in
terms of quantitative accuracy, but the relative contribution of
each component is still helpful in understanding the nature of
the intermolecular interactions.

The interaction energies for the Y3N@C80⊂OPP and
2Y3N@C80⊂OPP systems obtained from EDA-FF were
−211.78 and −414.87 kJ mol−1, respectively. Although the
results were different from those obtained from high-precision
single-point energies performed at the ωB97M-V/def2-
QZVPP level (see Table 1), the overall trend was the same
for both. This suggests that the results of EDA-FF are
plausible. The EDA-FF results are shown in Figure 5, and the
detailed energies are shown in Table S2. As depicted in Figure
5, Y3N@C80⊂OPP and 2Y3N@C80⊂OPP showed the same
trend, namely, the electrostatic interaction accounted for the
least (approximately 2%), while the dispersion interaction
accounted for the most (more than 70%). This indicates that
the dispersion interaction determines the stability of the
complex, while the electrostatic interaction promotes its
stability but is not a decisive factor. Generally, the larger the
interaction energy (Eint) is, the more stable the system. The Eint
of 2Y3N@C80⊂OPP is approximately twice that of Y3N@
C80⊂OPP, which indicates that the addition of Y3N@C80
enhances the stability of the system. Both systems are held

together by π−π interactions, which also emphasizes the
necessity of using dispersion corrections in the calculations.

IGMH is an intuitive method that visualizes the main
interaction regions between specific fragments of a compound
using the isosurface of the δginter function. Figure 6 illustrates

the visualized weak interaction regions of the interaction
between Y3N@C80 and OPP, where atoms in different
segments are colored based on their contributions to the
atom pair dispersion interaction energy (from EDA-FF). The
method identifies the interaction between the host−guest
molecules as a typical π−π stacking type, where the electronic
density on the δginter isosurface is small (approximately 0.001
a.u.), and the green isosurface can be recognized as a weak
interaction region. As the interface distance between the host
OPP and the guest Y3N@C80 decreases, the atoms become
bluer, indicating stronger vdW π−π interactions. Conversely,
the vdW π−π interaction no longer exists when the distance
between atoms exceeds a certain threshold. It should be noted

Figure 5. Schematic representation of the interaction energy decomposition of (a) Y3N@C80⊂OPP and (b) 2Y3N@C80⊂OPP obtained from the
EDA-FF analysis.

Figure 6. Visualized weak interaction regions with a δginter isovalue of
0.001 a.u. of the (a) Y3N@C80⊂OPP and (b) 2Y3N@C80⊂OPP
systems. Atoms are colored by their contributions to the dispersion
interaction between the host (OPP) and guest (Y3N@C80) according
to the color bar. For clarity, the Y3N cluster is shown in pink and
orange for Y and N atoms, respectively, rather than white. The color
scale is given in kcal mol−1.
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that the weak interaction region between Y3N@C80⊂OPP is
not closed, and the maximum distance of its unclosed area is
much larger than the van der Waals contact distance between
carbon atoms. As shown in Figure 2, the longest distance of the
van der Waals interface is larger than 6 Å, and the vdW π−π
interaction will no longer exist. IGMH analysis confirms that
this noncovalent interaction is mainly contributed by eight of
the ten benzene rings surrounding the fullerene guest in each
cavity, consistent with the system phenomenon of 2C60@OPP
and 2C70@CPP studied by Zhan et al.17 The IGMH not only
visualizes the weak interaction regions but also identifies the
weak interaction type as π−π stacking interaction.

4. CONCLUSIONS
In this work, we computationally studied the structures and
properties of the complexes formed by Y3N@C80 and OPP.
Quantum chemical calculations demonstrate that the elastic
adaptability and shape flexibility of OPP allow it to form a
dimeric structure with Y3N@C80. The binding energy and
thermodynamic data indicate that these complexes are highly
stable and thermodynamically spontaneous. ESP analysis
shows that the Y3N@C80 molecule would be oriented within
OPP, thus allowing complementary ESP regions to be in close
contact. Through a comprehensive investigation on the
electronic properties of both the host and guest molecules, it
is revealed that the addition of the Y3N@C80 guest would
enhance the electron binding ability of the supramolecular
system. The EDA-FF method indicates that the interaction
between the host and guest molecules is dominated by
dispersion attraction.

As research on concave−convex π−π supramolecular
systems develops in the future, metallofullerenes are
undoubtedly one of the significant guest molecules that
match well with nanorings, and the rich electronic and
magnetic properties of metallofullerenes are expected to form
more functional supramolecular complexes. The research
results of this study help to better understand this type of
host−guest system and promote the development of new
supramolecular nanostructures.
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