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A spider hanging inside a carbon cage: off-center
shift and pyramidalization of Sc3N clusters inside
C84 and C86 fullerene cages†

Ze Fu, ‡ Min Guo,‡ Yang-Rong Yao,‡ Qingyu Meng, Yingjing Yan, Qin Wang,
Yi Shen and Ning Chen *

Metal nitride cluster fullerenes (NCFs) are the most intensively studied endohedral fullerenes due to their

exceptional structural variety. It is commonly understood that in NCFs, small clusters such as Sc3N favor

C82 and smaller cages, while large clusters (e.g., Tb3N and Gd3N) favor C84 and larger cages. Endohedral

structures with small nitride clusters encaged inside large carbon cages (e.g., C84 and C86), although

theoretically probed, have never been experimentally obtained. Herein, we report two novel NCFs,

Sc3N@Cs(51365)-C84 and Sc3N@D3(19)-C86, which have been successfully synthesized and characterized

using MALDI-TOF mass spectrometry, X-ray single-crystal diffraction and UV–vis–NIR spectroscopy.

Crystallographic analysis shows that, while in most previously reported cluster fullerenes, clusters tend to

take a central position inside fullerene cages, in these two structures, the Sc3N clusters are shifted to one

side of the cage and unexpectedly pyramidalized inside the large cages of C84 and C86, which resembles

a spider hanging inside a carbon cage. These observations, together with the stretched Sc–N bonds,

suggest that the M3N cluster can self-adjust not only its configuration but also its position relative to full-

erenes to optimize the metal–cage distances as well as cluster–cage interactions, thus promoting the

stability of endohedral structures. This work provides new insight into the interaction mechanisms

between the clusters and carbon cages of endohedral fullerenes.

Introduction

Endohedral metallofullerenes (EMFs) feature unique host–
guest molecular structures in which metal ions or metallic
clusters are encapsulated in variable carbon cages. Complex
metal–cage interactions are formed between endohedral moi-
eties and fullerene cages, which are essential for the stability
of these endohedral fullerene compounds.1–3 Endohedral full-
erenes have shown great potential in the application of bio-
medicine, catalysis and molecular electronic devices due to
their unique molecular and electronic structures.4–7

Among the EMFs, cluster fullerenes (CFs) are the largest
family, with variable clusters encapsulated inside fullerenes.
Since the discovery of Sc3N@C80 in 1999, in the past two
decades, this family has been largely expanded and extensively

studied, including metal nitride cluster fullerenes (NCFs),
metal carbide cluster fullerenes (CCFs) and metal cyanide
cluster fullerenes (CYCFs).8,9 One of the interesting studies for
CFs is the cluster configuration variations in cluster fullerenes,
which is important for understanding the interactions
between clusters and carbon cages.9 Previous studies found
that clusters with flexible configurations, such as M2C2, M2O
and MCN, can adjust their configurations inside the confined
space of fullerene cages to achieve optimized metal–cage inter-
actions, which contributes to the stabilization of host–guest
molecular structures.10–13 Factors such as different carbon
cage isomers, the size of the carbon cage and the metal ionic
radii of encapsulated clusters can all lead to changes in the
cluster configuration.14–18 For instance, as the size of the
carbon cage decreases, M2C2 clusters change from a nearly
linear stretched geometry to a constrained “butterfly” struc-
ture, whereas MCN clusters change from a nearly linear shape
to a triangular configuration.13,19,20 Moreover, in non-IPR (iso-
lated pentagon rule) carbon cages, clusters can be deformed to
obtain stronger interactions with the carbon cage due to the
high local strain of the heptagon or fused pentagons, thus sta-
bilizing these carbon cages.21–27 Overall, these flexible encaged
clusters can self-adjust their size and shape to achieve optimal
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metal–cage interactions, which is essential for the stability of
cluster fullerene compounds.

NCFs have been the most abundant and most intensively
studied endohedral fullerenes in the past decade. Trimetallic
nitride clusters have a relatively rigid configuration compared
with M2O, M2C2 and MCN clusters. Thus, due to their less flex-
ible configurations, it has been well acknowledged that large
nitride clusters tend to be encapsulated inside large carbon
cages, while small clusters tend to be encapsulated in small
carbon cages to maintain their planarity.28 In addition, large-
sized metal nitride clusters tend to be pyramidalized inside
small carbon cages.29–31 However, how small rigid clusters
interact with large cages (e.g., C84 and C86) has never been
experimentally observed and studied. Sc3N is the smallest
encapsulated cluster in NCFs, as the ionic radius of Sc (0.75 Å)
is much smaller than those of other lanthanides, such as Er
(0.89 Å), Tb (0.92 Å) and Gd (0.94 Å). Previous theoretical
studies suggest that the Sc3N cluster is off-center inside cages
larger than C82, whereas this displacement leads to a less
effective cluster–cage interaction, which is likely unstable.
Thus, Sc3N@C2n cluster fullerenes with a cage size of C84 and
larger are almost impossible to obtain.32 As a result, whether
small clusters such as Sc3N, which has a relatively rigid con-
figuration, can be stabilized inside large fullerene cages such
as C84 and C86 has remained unknown to date.

Herein, we report the synthesis and isolation of two novel
NCFs, Sc3N@Cs(51365)-C84 and Sc3N@D3(19)-C86, which were
characterized by MALDI-TOF mass spectrometry, X-ray single-
crystal diffraction, UV–vis–NIR spectroscopy and Fourier trans-
form infrared spectroscopy. The detailed structural analysis
demonstrates that the clusters show an off-center shift to one side
of the cage and unexpected pyramidalization in both C84 and C86.

Results and discussion
Synthesis and isolation of Sc3N@C2n (2n = 84 and 86)

Scandium-based endohedral fullerenes were synthesized using
a modified Krätschmer–Huffman (direct-current) DC arc-dis-
charge method. Graphite rods packed with Sc2O3/graphite
powder (with a molar ratio of Sc/C = 1 : 15) were annealed and
then vaporized in an arcing chamber under a 200 Torr helium
and 4 Torr nitrogen atmosphere. The collected raw soot was
extracted with carbon disulfide (CS2) for 24 h. Multiple-stage
high-performance liquid chromatography (HPLC) separation
processes were employed to isolate and purify Sc3N@C84 and
Sc3N@C86 (Fig. S1 and S2, ESI†). The purity of the isolated
compounds was confirmed by the observation of single peaks
using HPLC and high-resolution positive-ion-mode matrix-
assisted laser desorption ionization time-of-flight
(MALDI-TOF) mass spectrometry (Fig. S3† and Fig. 1). The
mass spectra of purified Sc3N@C84 and Sc3N@C86 show single
peaks at m/z = 1157.053 and 1180.970, respectively, which are
similar to theoretical simulations. Furthermore, the isotopic
distributions in the experiment were found to be quite similar
to the theoretical prediction.

Molecular structures of Sc3N@C84 and Sc3N@C86

Sc3N@C2n (2n = 84 and 86) was cocrystallized with NiII(OEP)
(OEP = 2, 3, 7, 8, 12, 13, 17, and 18-octaethylporphyrin dianion)
to obtain crystals suitable for X-ray measurements. The mole-
cular structures of Sc3N@C84 and Sc3N@C86 were unambigu-
ously determined using single-crystal X-ray diffraction analysis
as Sc3N@Cs(51365)-C84 and Sc3N@D3(19)-C86, respectively.
Fig. 2a and b shows the cocrystal structures formed by these

Fig. 1 Positive mode MALDI-TOF mass spectra of purified (a) Sc3N@C84

and (b) Sc3N@C86. Insets: experimental and theoretical isotopic distri-
butions for (a) Sc3N@C84 and (b) Sc3N@C86.

Fig. 2 Oak ridge thermal ellipsoid plot (ORTEP) drawings showing the
relative orientations of NCFs and porphyrin moieties for (a)
Sc3N@C84·NiII(OEP) and (b) Sc3N@C86·NiII(OEP) with 20% thermal ellip-
soids. Only the major fullerene cage and the predominant cluster orien-
tations are shown. For clarity, the solvent molecules and minor sites are
omitted. A view of the relationship between the major metal nitride clus-
ters and the closest cage portions in (c) Sc3N@Cs(51365)-C84 and (d)
Sc3N@D3(19)-C86. A view of the Sc3N portions at the major sites shows
the out-of-plane displacements of the nitrogen atoms in (e) Sc3N@C84

and (f ) Sc3N@C86.
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NCFs with the NiII(OEP) moiety. The closest distances between
the nickel atom and the carbon atoms on the cage were
measured as 3.029 and 2.981 Å for Sc3N@Cs(51365)-C84 and
Sc3N@D3(19)-C86, respectively, suggesting substantial π–π inter-
actions between the fullerene cage and the porphyrin moiety.

Crystallographic analysis shows that the cocrystals crystal-
lized in the triclinic space group of P1 for Sc3N@Cs(51365)-C84

and the monoclinic space group of C2/m for Sc3N@D3(19)-C86.
The Cs(51365)-C84 carbon cage and the internal nitrogen atom
are fully ordered, while the encapsulated metal atoms exhibit a
slight disorder. For Sc1A, Sc2A and Sc3A, which constitute the
major Sc3N sites, the occupancy is 0.746(4). The minor Sc3N
sites comprise Sc1B, Sc2B, and Sc3B with an occupancy of
0.254(4) (Fig. S4a†). For Sc3N@D3(19)-C86, the fullerene cage
shows two orientations due to the crystallographic mirror of
the C2/m space group. A complete fullerene cage with an occu-
pancy of 0.5 is formed by combining one-half of one orien-
tation and the mirror-related half of the other orientation. The
scandium atoms have six crystallographic sites, with 0.313
occupancy for Sc in the major cluster (Sc1, Sc2 and Sc3) and
0.18 occupancy for Sc in the minor cluster (Sc4, Sc5 and Sc6).
Moreover, six additional metal sites (Sc1m, Sc2m, Sc3m, Sc4m,
Sc5m and Sc6m) are generated via the crystallographic mirror
plane (Fig. S4b†). Both of the major Sc3N clusters in both C84

and C86 show a relatively high occupancy, which allows a more
precise analysis of their configurations and their interactions
with the fullerene cages.

Interaction between Sc3N clusters and large carbon cages

Fig. 2c and d shows the relative positions of the major Sc3N
sites to the corresponding cage portions. In Sc3N@Cs(51365)-
C84, one of the three Sc atoms is located under the conjunction

of fused pentagons, and the other two Sc atoms are located
below a [5,5,6] junction ([5] and [6] refer to pentagon and
hexagon, respectively). The shortest average distances between
the three Sc atoms and the carbon cage are 2.303(10) Å (Sc2A–
C5 and Sc2A–C1), 2.276(8) Å (Sc1A–C51 and Sc1A–C30) and
2.306(8) Å (Sc3A–C59 and Sc3A–C38), respectively. Regarding
Sc3N@D3(19)-C86, Sc1 is located below a [5,6] junction with the
shortest average metal–cage distance of 2.230(15) Å (Sc1–C74
and Sc1-C73). Sc2 and Sc3 are located under a [6,6] junction
and a [6,6,6] junction with the shortest average metal–cage dis-
tances of 2.167(13) Å (Sc2–C58 and Sc2–C36) and 2.131(16) Å
(Sc3–C44 and Sc3–C43), respectively. In general, these Sc–C
distances are similar to the Sc–C distances between Sc3N clus-
ters and smaller cages, such as Sc3N@C2n (2n = 68, 78, 80, 82;
for details please see Table 1).

The Sc–N distances of the Sc3N cluster in the Cs(51365)-C84

cage are 2.083(6) Å for Sc1A–N, 2.120(6) Å for Sc2A–N, and
1.981(6) Å for Sc3A–N. The longer bond length of Sc2A–N can
be well explained by the fused pentagons coordinated to Sc2A,
which strongly interact with Sc2A and withdraw the electron
density from the Sc–N unit, thus weakening the Sc–N bond
interaction. Similar phenomena have been observed in other
non-IPR nitride cluster fullerenes, such as M3N@C2(22010)-C78

(M = Gd, Tb and Ho),24,25 M3N@Cs(39663)-C82 (M = Gd
and Sc),26,27 and M3N@Cs(51365)-C84 (M = Gd, Tb, Er, Tm,
Lu and Sc).33–36

Unlike the non-IPR cage of Cs(51365)-C84, there are no
fused pentagons in the cage of D3(19)-C86. However, unexpect-
edly, one of the Sc–N bonds, Sc1–N, also has a longer distance
of 2.106(7) Å, compared with 2.005(5) Å for Sc2–N and 2.076(6)
Å for Sc3–N, suggesting that Sc1–N is stretched out to facilitate
a closer metal–cage contact in IPR D3(19)-C86. Notably, the

Table 1 Selected interatomic distances and angles

Sc3N@Cs(51365)-C84 Sc3N@D3(19)-C86 Sc3N@D3(6140)-C68
38,39 Sc3N@D3h(5)-C78

40

Distance (Å)
M1–N 2.083(6) 2.106(7) 2.022(3) 1.988(7)
M2–N 2.120(6) 2.005(5) 1.974(4) 1.983(15)
M3–N 1.982(6) 2.076(6) 1.961(4) 2.125(5)
Metal–Ca

M1–C 2.225(8)–2.602(8) 2.188(15)–2.632(17) 2.247(5)–2.387(5) 2.058(3)–2.443(3)
M2–C 2.276(10)–2.413(9) 2.146(13)–2.503(18) 2.222(5)–2.381(5) 2.024(16)–2.440(17)
M3–C 2.266(7)–2.661(9) 2.088(15)–2.612(12) 2.237(5)–2.380(5) 2.075(4)–2.440(5)
Angles (°)
∑(M–N–M) 357.9 357.2 359.8 360.0

Sc3N@D5h(6)-C80
41 Sc3N@Ih(7)-C80

8 Sc3N@C2v(39718)-C82
42 Sc3N@Cs(39663)-C82

27

Distance (Å)
M1–N 2.014(2) 2.011(19) 2.007(4) 2.112(3)
M2–N 2.031(2) 1.966(12) 2.078(3) 2.052(4)
M3–N 2.041(2) 1.95(3) 2.078(3) 2.038(3)
Metal–Ca

M1–C 2.255(3)–2.512(3) 2.188(10)–2.508(13) 2.269(17)–2.607(23) 2.316(6)–2.444(6)
M2–C 2.269(3)–2.624(3) 2.148(10)–2.516(13) 2.190(17)–2.613(11) 2.272(6)–2.553(5)
M3–C 2.232(3)–2.537(3) 2.18(3)–2.43(3) 2.117(15)–2.452(11) 2.256(5)–2.578(6)
Angles (°)
∑(M–N–M) 359.9 360.0 359.9 359.5

a Range of distances between the metal atom and the nearest six carbon atoms.
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stretching of M–N bonds in M3N@D3(19)-C86 (M = Gd and Tb)
has not been observed.31,37 Thus, this stretched configuration of
Sc3N inside D3(19)-C86 suggests that small encapsulated metallic
clusters (Sc3N) can adapt their configurations not only inside
non-IPR fullerene cages, as generally acknowledged but also in
larger IPR fullerene cages, such as C86, to facilitate a closer inter-
action with the carbon atoms on fullerene cages, which is ben-
eficial for the stabilization of the whole EMF molecule.

Pyramidalization of Sc3N clusters inside large cages

Fig. 2e and f show the out-of-plane position of nitrogen atoms
in the Sc3N clusters inside Cs(51365)-C84 and D3(19)-C86,
respectively. The Sc–N–Sc angles in the cages of Cs(51365)-C84

and D3(19)-C86 are 357.9° and 357.2°, respectively, suggesting
that the Sc3N clusters do not adapt to a fully planar configur-
ation. Moreover, the nitrogen atom is 0.175 Å out of the Sc3
plane in Sc3N@Cs(51365)-C84 and 0.197 Å out of the Sc3 plane
in Sc3N@D3(19)-C86, indicating a slight pyramidalization of
Sc3N clusters. This observation is rather unexpected as Sc3N is
the smallest metallic nitride cluster in the NCF family and
always adapts a planar configuration inside fullerene cages,
ranging from C68 to C82, as shown in Table 1 and Fig. 4 and
S5†8,27,38–42 In fact, to date, the pyramidalization of clusters
has only been observed for large clusters, such as Y3N and
Gd3N, encaged inside cages smaller than C82. The main cause
for this pyramidalization of metallic clusters is the forced
squeezing of the large-sized clusters in the small carbon cages,
such as M3N@Ih(7)-C80 (M = Y, Gd and Tb).29–31 A general
expectation would be that small clusters would not suffer from

the compression of the carbon cage and thus would easily
adapt to a fully planar configuration. This result, however, vali-
dates that small clusters can also be pyramidalized in large
cages. Thus, it suggests that the driving force for the pyramida-
lization of encapsulated clusters is not merely the compressing
effect of the cage but, more generally, the self-adaptation of
clusters, which facilitates an appropriate interaction between
the metal ion and the carbon atoms on the cage.

Off-center shift of the Sc3N clusters inside large cages

Fig. 3a shows the positions of clusters in the carbon cages of
M3N@Cs(51365)-C84 (M = Gd, Tb, Er, Tm, Lu and Sc).33–36 It
can be clearly observed that in the previously reported NCFs,
such as M3N@Cs(51365)-C84 (M = Gd, Tb, Er, Tm and Lu), the
M3N clusters are all located at the center of the fullerene
carbon cages. In comparison, the Sc3N cluster notably shifts
from the center of the carbon cage to one side of the
Cs(51365)-C84 cage. The same off-center location of the inner
Sc3N cluster is observed for Sc3N@D3(19)-C86. For comparison,
all of the larger clusters, such as Gd3N and Tb3N, are located
at the center of the carbon cage, and the nitrogen atoms are
located on the 3-fold axis of the D3(19)-C86 cage (Fig. 3c).

31,37

In addition, Fig. 3b shows the relative positions for the sym-
metry plane of the Cs(51365)-C84 cage (marked in red) and the
planes of the metal nitride clusters (marked in green) in
M3N@Cs(51365)-C84 (M = Gd, Tb, Er, Tm, Lu and Sc).33–36 It
shows that inside C84 cages, the dihedral angles between the
planes of clusters and the symmetry plane are in the range of
22.2°–26.7°, whereas the dihedral angle between the Sc3N

Fig. 3 (a) Molecular structures of M3N@Cs(51365)-C84 (M = Gd, Tb, Er, Tm, Lu and Sc) showing the differences in metal nitride cluster positions. (b)
A top view of M3N@Cs(51365)-C84 (M = Gd, Tb, Er, Tm, Lu and Sc) with the planes of symmetry marked in red and the planes of the metal nitride
clusters marked in green. (c) A view down the 3-fold axis of M3N@D3(19)-C86 (M = Gd, Tb and Sc) showing the differences in metal nitride cluster
positions. (d) The planes that equally divide the lateral hexagons are marked in red, and the planes of the metal nitride clusters in M3N@D3(19)-C86

(M = Gd, Tb and Sc) are marked in green.
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plane and the symmetry plane is 50.2°, suggesting its consider-
able shift from the center. An even greater off-center shift is
observed for Sc3N@D3(19)-C86. The dihedral angle in this case,
formed by the plane that bisects the lateral hexagon (marked
in red) and the plane in which the Sc3N cluster is located
(marked in green), notably increases to 72.7° in Sc3N@D3(19)-
C86 (Fig. 3d). For M3N@D3(19)-C86 (M = Gd and Tb), in which
the larger Gd3N and Tb3N clusters are located at the center of
the cages, the corresponding dihedral angles are only in the
range of 20.9–21.2°.31,37

On the other hand, Fig. 4 and Fig. S6† show that the dis-
tances between the Sc-triangle planes and the center of gravity
of the carbon cages are in the range of 0.005–0.110 Å from C68

to C82. However, the distances of Sc3N@C84 and Sc3N@C86

increase significantly to 0.473 Å and 0.504 Å, respectively,
which also indicates the dramatic off-center shift of the Sc3N
clusters in the C84 and C86 carbon cages.8,27,38–42

Discussion

Previously, it was generally acknowledged that relatively small
nitride clusters, such as Sc3N, favor C80 and smaller cages; for
large clusters such as Nd3N, encapsulation into the C88 or
larger cages is energetically preferred.28 These theories have
also been verified by many experimental results.8,38–40,42–45

Interestingly, NCFs in which smaller clusters are encapsulated
inside large cages, such as Sc3N@C2n with cages larger than
C82, have never been observed before. On the other hand,
theoretical calculations on NCFs predicted the off-center shift
of the Sc3N clusters in large carbon cages such as C84, C88 and
C96.

28,32 Meanwhile, they also pointed out that this shift could
result in a less effective cluster–cage interaction; thus, the
Sc3N-based NCFs with cage sizes of C84 and larger might not
be very stable, which was consistent with the absence of experi-
mental reports of these structures.32 The above crystallo-
graphic analysis, however, validates the stabilization of

Sc3N@C84 and Sc3N@C86. Moreover, it reveals the off-center
shift and, surprisingly, the slight pyramidalization of the Sc3N
clusters in these large cages. These observations, together with
the stretched Sc–N bonds, suggest that in large cages, due to
the small size, the Sc3N cluster favors an off-center location
and attaches to one side of the carbon cage like a spider. In
addition, it can also adjust its configuration to be slightly pyra-
midalized to further optimize the Sc–N distances and metal–
cage interactions, ultimately forming stable host–guest mole-
cular compounds.

UV–vis–NIR spectroscopic characterization

The purified samples of Sc3N@Cs(51365)-C84 and
Sc3N@D3(19)-C86 dissolved in carbon disulfide (CS2) were
characterized using UV–vis–NIR absorption spectroscopy, as
shown in Fig. 5. The spectrum of Sc3N@Cs(51365)-C84 shows
two minor shoulder peaks (480 and 669 nm, respectively) with
an onset at approximately 1350 nm, resulting in an optical
band gap of 0.92 eV. The absorption spectrum is almost identi-
cal to the previously reported spectra of M3N@Cs(51365)-C84

(M = Er, Lu, Gd, Tb and Tm),33–36 suggesting that they have the
same cage symmetries and charge transfer patterns. In the
spectrum of Sc3N@D3(19)-C86, two shoulder peaks at 496 and
691 nm are observed, which are similar to the absorption spec-
trum of Tb3N@D3(19)-C86,

31 indicating that they have the same
isomeric structures. The absorption onset is measured at
approximately 1400 nm, and the optical band gap is deter-
mined to be 0.88 eV. In addition, the optical band gaps of
Sc3N@Cs(51365)-C84 and Sc3N@D3(19)-C86 are smaller than
those of the other reported members of the NCF family with
the same carbon cages.31,33–36 Such small optical band gaps of
Sc3N@Cs(51365)-C84 and Sc3N@D3(19)-C86 suggest that a
further increase in the large carbon cage size is not favorable

Fig. 4 The Sc–N–Sc angles (A, in degrees) and the distances between
the Sc-triangle planes and the center of gravity of carbon cages (B, in
angstroms) with respect to the sizes of carbon cages for Sc3N@C2n

(2n = 68, 78, 80, 82, 84, and 86).

Fig. 5 UV–vis–NIR absorption spectra of Sc3N@Cs(51365)-C84 and
Sc3N@D3(19)-C86 in CS2 solution. The inset shows a photograph of
Sc3N@Cs(51365)-C84(left) and Sc3N@D3(19)-C86(right) dissolved in CS2.
The curves are vertically shifted for ease of comparison.
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for Sc3N cluster fullerene formation, which is consistent with
theoretical calculations.32

Conclusions

In summary, two novel nitride cluster fullerenes, Sc3N@C2n

(2n = 84 and 86), have been successfully synthesized and charac-
terized by MALDI-TOF mass spectrometry, single-crystal XRD
and UV–vis–NIR spectroscopy. The molecular structures of the
two NCFs were identified as Sc3N@Cs(51365)-C84 and
Sc3N@D3(19)-C86 using single crystal X-ray diffraction analysis.
Crystallographic analysis shows that, while in most previously
reported cluster fullerenes, clusters intend to take a central posi-
tion inside fullerene cages, in these two structures, the Sc3N
clusters are notably shifted to one side of the cage and unex-
pectedly pyramidalized, which resembles a spider attached to a
web. These observations, together with the stretched Sc–N
bonds, suggest that the endohedral M3N cluster can self-adjust
not only its size and configuration, but also its position relative
to fullerenes to optimize the metal–cage distances as well as
cluster–cage interactions, thus promoting stability with large
cages. This work not only validates the stability of endohedral
structures with large carbon cages encapsulating small nitride
clusters, but also, more importantly, reveals the unexpected
flexibility of cluster–cage interactions, which provides new
insight into the interaction mechanisms between the metal
clusters and carbon cages of EMFs.

Experimental
Synthesis and isolation of Sc3N@C2n (2n = 84 and 86)

Carbon soot containing scandium NCFs was synthesized by a
direct-current arc discharge method. Graphite rods packed with
Sc2O3 and graphite powder (1.02 g of Sc2O3 powder and 1.97 g
of graphite powder per rod and a molar ratio of Sc/C = 1 : 15)
were vaporized in an arcing chamber under a 200 Torr helium
atmosphere with 4 Torr N2. The collected raw soot was extracted
with carbon disulfide (CS2) for 24 h. The separation and purifi-
cation of Sc3N@C2n (2n = 84 and 86) were achieved using multi-
stage HPLC procedures. Multiple HPLC columns, including a
Buckyprep-M column (25 × 250 mm, Cosmosil, Nacalai Tesque
Inc.), a Buckyprep-D column (10 × 250 mm, Cosmosil, Nacalai
Tesque, Japan), a 5PBB column (10 × 250 mm, Cosmosil,
Nacalai Tesque, Japan), and a Buckprep column (10 × 250 mm,
Cosmosil, Nacalai Tesque, Japan), were used in the procedures
(further details are described in the ESI†).

Spectroscopic studies

A positive-ion mode matrix-assisted laser desorption ionization
time-of-flight (MALDI-TOF) mass spectrometer (Bruker,
Germany) was used for mass characterization. The UV–vis–NIR
spectra of purified Sc3N@C2n (2n = 84 and 86) were recorded
in CS2 solution with a Cary 5000 UV–vis–NIR spectrophoto-
meter (Agilent, USA).

X-ray crystallographic study

The black block crystals of Sc3N@C2n (2n = 84 and 86) were
obtained by slow diffusion of the carbon disulfide solution of
the corresponding metallofullerene compounds into a
benzene solution of [NiII(OEP)]. The single-crystal X-ray data of
Sc3N@C84 and Sc3N@C86 were collected at 120 K on a diffract-
ometer (APEX II; Bruker Analytik GmbH) equipped with a CCD
collector. The multiscan method was used for absorption cor-
rection. The structures were solved using intrinsic phasing
methods46 and refined on F2 using full-matrix least-squares
with the SHELXL 2018 crystallographic software package.47

Hydrogen atoms were inserted at calculated positions and con-
strained with isotropic thermal parameters.

Crystal data for Sc3N@Cs(51365)-C84·[Ni
II(OEP)]: Mr =

1749.19, 0.12 mm × 0.1 mm × 0.07 mm, triclinic, P1 (no. 2),
a = 14.6460(18) Å, b = 14.9090(19) Å, c = 19.743(3) Å, α =
85.084(7)°, β = 88.542(7)°, γ = 62.548(7)°, V = 3811.0(9) Å3, Z =
2, ρcalcd = 1.524 g cm−3, μ(Ga Kα) = 3.152 mm−1, θ =
1.954–52.000, T = 120(2) K, R1 = 0.1245, and wR2 = 0.3112 for all
data; R1 = 0.1038 and wR2 = 0.2927 for 9662 reflections (I >
2.0σ(I)) with 1199 parameters. The goodness-of-fit indicator was
1.057. The maximum residual electron density was 1.735 e Å−3.

Crystal data for Sc3N@D3(19)-C86·[Ni
II(OEP)]·C6H6: Mr =

1851.32, 0.1 mm × 0.08 mm × 0.06 mm, monoclinic, C2/m (no.
12), a = 26.259(3) Å, b = 17.9994(19) Å, c = 17.8301(16) Å, α =
90°, β = 108.472(4)°, γ = 90°, V = 7993.0(14) Å3, Z = 4, ρcalcd =
1.538 g cm−3, μ(Ga Kα) = 3.028 mm−1, θ = 2.273–53.906, T =
120(2) K, R1 = 0.1430, and wR2 = 0.2667 for all data; R1 = 0.0904
and wR2 = 0.2305 for 4504 reflections (I > 2.0σ(I)) with 1244
parameters. The goodness-of-fit indicator was 1.057. The
maximum residual electron density was 0.758 e Å−3.

The crystallographic data for these two structures have been
deposited at the Cambridge Crystallographic Data Centre
(CCDC) with the deposition numbers 2178354 and 2178355.†
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