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It is found that atoms of lithium and carbon can be encapsulategsiorCthe basis of the calculation of their
encapsulation energies using density functional theory. Specifically, they can be encapsulajicheitte€

than in Go despite the smaller (70%) cavity size of the former. In C@@e encapsulated carbon atom
forms covalent bonds with the carbon atoms of the cage, which is in contrast with the case gf N\@C
isomers are expected to be in an equilibrium which involves spin quenching and generatiorss bi@C
C@Gs are expected to exist in the form of dimers with nonendohedral fullerenes, i.e., asd-i@&and
C@Gs—Cse. Three stable isomers were found for the former (A, B, and C). Equilibrium between A and C
as well as that between B and C is accompanied by spin transfer between two fullerene units, while that
between A and B is not. The two stable isomers in G&Css form an equilibrium accompanied by spin
quenching and generation, allowing the dimer to be potentially useful for molecular devices.

Introduction the molecule. Theoretical calculation shows that there can exist
another isomer wittD,4 structure which is nearly isoenergetic
Since the discovery of fullerene, various kinds of endohedral tg the Dg, structurel® Violation of the isolated pentagon rule
fullerenes have been preparetiMany of them are stable under  jngicates the high reactivity of the molecule. In agreement with
ambient conditions even though empty cages have never beenpis, measurement of its electronic spectra suggests that the
isolated in some cases. Electronic and chemical properties of ,q1ecule may exist in the form of dimers and trimers rather
fullerenes can be modified upon atom encapsulation. Particu-tnan monomerét As a matter of fact, dimerization of the

larly, charge transfer and ionic interaction play a crucial role in molecule was shown to occur without an activation bafder.
manipulating the properties of metallofullererfeRecently, e fyllerene is particularly interesting, since a strong eleetron

.muctr:. ittim'on has been paid tocl) the study of frnetallofullerlepe, phonon coupling in the molecule opens the possibility of using
Ln w 'It(? the etntl:;\slemetzjr(;t.texter:hs toa grou? (t)' atorps |n:/cilvmg it for a superconductor with a transition temperature even higher
ransition metals. In addition, the encapsulation of metallo- . that of alkali-metal-dopedegsolidst?

fullerene molecules in nanotubes has been repditiguas also Much . . licati be found if
been shown that the metallofullerenes are promising candidates MUCh more interesting applications can be found if an
for electronic, optical, and biomedical applicatiéns. endohedral g can be synthesized, since it can reveal novel

Encapsulation of nonmetallic atoms works through a mech- electronic and magnetic properties no_t observed in a non-
anism that is entirely different from that of metal atoms in that endohedral fullerene, especially bepausg it prefers to form dlm.ers
no appreciable charge transfer is involved. For example, the @1d Polymers. Although the cavity size of the molecule is
Ceo cage works as a chemical Faraday cage, in which very smaller than that of g, it can still encapsula_te a small atom.
reactive paramagnetic atoms such as nitrogen and phosphoru§The shorter diameter of the molecule is stib Along.] In
retain their atomic characters after they are encagadther-  fact, U@Gswas identified from a laser vaporization experiment
more, no covalent interactions exist between those atoms andWith graphite:*Inspired by this finding, preliminary calculations
the fullerene cage. The comparison of N@@nd N@G,  Were done for M@&s (M = Li, Na, and K)* He@Gs,'° and
shows that the difference in the shape of the host cage affectsN@Css.® Herein | describe a detailed investigation on the
the charge and spin density distributions of the encased nitrogenP0ssible encapsulation of lithium, carbon, and nitrogen using
atom? It is reasonable to conclude that energetic bombardment density functional theory. To elucidate the effect of a small size
of ions? which is usually used for the nitrogen encapsulation, ©of the fullerene cage, comparison will be also made to the
is able to house nonmetallic atoms other than nitrogen. In this corresponding encasement igoClf the encasement is shown
respect, this study investigates such a possibility for a carbonto be plausible, the possibility of dimer formation will also be
atom, focusing on the question of whether the carbon atom alsoinvestigated. In doing this, stable isomers will be searched for
retains its atomic character after encasement or can makethe dimers X@G@s—Css (X = Li and C), which can be produced
covalent bonds to the cage. when the corresponding endohedral fullerenes are diluted by

Piskoti et al. recently introduced a method to synthesige C empty fullerenes. Particular attention will be paid to the possible
using the arc-discharge method, which is the first fullerene spin transfer from the encasing unit to the other as well as to
smaller than & synthesized in bulk amoufitTheir nuclear the possible spin generation and quenching among various

magnetic resonance measurement indic&tgssymmetry of isomers in the equilibrium, since it may have applications in
molecular electronick¥] memory device$® and information
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Theoretical Method

The total energy calculations are performed using the Vienna
ab initio simulation package (VASP) Electron-ion interaction
is described by the projected augmented wave (PAW) method,
which is equivalent to a frozen-core all-electron calculation. The
exchange-correlation effect is treated within the generalized
gradient approximation presented by Perdew, Burke, and
Ernzerhof (PBEJ?2 Solution of the Kohr-Sham (KS) equation
is obtained using the Davison blocked iteration scheme followed
by the residual vector minimization method. All valence
electrons of chemical elements are explicitly considered in the
KS equation. | adopt a supercell geometry in whichpace
sampling is done with thE-point, using large supercells which
guarantee interatomic distances between neighboring cells
greater than 7.00 A. The cutoff energy is set high (400 eV) o
enough to guarantee accurate results, and the conjugate gradiefti9ure 1. Optimized structure of N@%&
method is employed to optimize the geometry until the
Hellmann-Feynman force exerted on an atom is less than 0.03 (@)
eV/A. All the results rely on the spin-polarized calculation. The
reliability of the PBE calculation within the PAW was confirmed
in the recent calculations on the electronic and chemical
properties of metataromatic sandwich complexés.

Results

First, | report my calculation on Li@4g very briefly. The
structure of the g molecule is assumed to haldg, symmetry
throughout this work, as was suggested by a nuclear magnetic
resonance measureménthe calculation of the encapsulation
energy (2.06 eV) strongly indicates that a lithium atom can
be encased in 4. The atom is displaced from the center of the
cage by 0.51 A along the long axis passing through the center
of the cage. Therefore, there are two equivalent sites for the
atom on the axis. However, the barrier (0.03 eV) between the
two sites is very small, and thus, the Li atom can move freely
at least by 1.02 A £ 0.52 x 2) between the sites. The
encapsulation energy shows that it is more favorable to
encapsulate the atom inggCthan in Gg, noting that the
encapsulation energy in the latter fullerene-%.33 eV. My
analysis shows that there is a large charge transfer from Li to
the cage as well as a complete spin transfer, resulting in the
large electrostatic stabilization betweert laind Gg~. Consistent
with this, the natural bond orbital (NBO) analy¥iswith
PBEPBE/6-31G(d) using the GAUSSIAN&rogram shows
that the charge on the Li atom is 0.69.

Next, | mention the possible encapsulation of a nitrogen atom
in Cgs. | have optimized the geometry starting from three
different initial positions of the nitrogen atom in the cage, and
my description will be focused on the structure which .glves Figure 2. Optimized structures of two stable isomers, A (a) and B
the lowest energy among the three. The energy of nltrogen(b)’ of C@Gs.
encapsulatioie, (+0.20 eV), calculated from the energy change
of the process ¢ + N — N@Gsg, is slightly larger than that  different from that (quartet) of N@4a In addition, my separate
(+0.03 eV) of the corresponding process involving,Gug- analysis shows that the nitrogen atom does not hold any
gesting the possible existence of N@Gs a metastable appreciable amount of spin density, implying that all the spin
complex. This may reflect the size of theg&age, which is density was transferred to the fullerene cage. This is also
smaller than that of gs. As shown in Figure 1, the nitrogen different from the case of N@g in which the nitrogen atom
atom is displaced from the center of the fullerene ca@g¢ ( is located at the center of the cage with no appreciable amount
symmetry), forming shbonds with three carbon atoms (C15, of spin transfer.

C16, and C22). This is clearly different from Slanina and It will also be interesting to see if an encasement of carbon
Chow's result that showed that the nitrogen atom was located can be achieved. The first step for this is to calculate the energy
in the central positio | also find a local minimum at the same  of carbon encapsulation inz§ | find two nonequivalent
position, although the configuration is less stable by 1.00 eV sites, each of which corresponding to isomers A (triplet) and B
than the one shown in Figure 1. In the figure, bond lengths to (triplet) shown in Figure 2. Their energies are different from
the three carbon atoms are 1.49, 1.52, and 1.52 A, respectivelyeach other only by 0.11 eV. [The center of the cage is not a
The ground-state spin configuration is a doublet, which is site corresponding to a local minimum, which is different from
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Figure 4. Six equivalent sites of &in the cavity of Gs viewed along
the z-axis for C@Gs—Css.

density is mainly concentrated on atoms around the south pole
along thez-axis. A separate analysis shows that this electronic
structure can be understood if an electron is removed from the
spin-paired HOMO orbital of N@#¢s (doublet) in an imaginary
process of replacing the encased nitrogen atom by a carbon
atom. [The HOMO of N@Gs is equivalent to the SOMO of
C@Gsg, and the SOMO of the former to the SOMO1 of the
latter. Here, | label the top of the spin-paired level HOMO, and
spin-unpaired levels SOMG 1 and SOMO, etc.]

In isomer B, Gnis also neutral, as manifested by its NBO
charge (0.02). Compared to isomer A, there is one more (five)
C—C bond involving the atom & The bonds comprisg®-
hapticity from Gnto the carbon atoms (C1, C2, C22, C15, and
C16 in Figure 2b) of a five-membered ring. Individual bonds
Figure 3. Electron density distributions in the SOM®© 1 (a) and involving Cen are weaker, as shown by their WBIs (0-4_2,.0-42,
SOMO (b) for isomer A of C@6. 0.57, 0.52, and 0.57), which are smaller than those in isomer

A. Consistent with this, their bond lengths (1.76, 1.76, 1.64,
the case of N@g.] For isomer A, which is more stable than  1.65, and 1.64 A) are longer than those in isomer A, particularly
the other, a large negative value1.92 eV) ofEe, surprisingly for C¢i—C1 and G,—C2 bonds. Contrary to the case of isomer
shows that a carbon atom {{ can be encapsulated inz§C A, the C1-C16 and C15C16 lengths are almost the same as
much more favorably than a nitrogen ato&{= +0.20 eV). in the fullerene without &, encapsulated. An analysis shows
The energy is even comparable to the encapsulation energythat the spin density distribution is similar to that of isomer A
(—2.06 eV) of Li in Gg. In addition, it is even larger than the in that it is more or less concentrated around the south pole.
encapsulation energy of a nitrogen atom igy C+0.03 eV), The Dgr, symmetry of the fullerene and the geometry gt C
leading to the conclusion that indeed experimental work would explained above lead us to expect 24 cavity sites where C
be able to identify C@6&. [N@Cso was experimentally identi-  can be located in C@4# Half (set A) of them correspond to
fied.] Figure 2 shows that the optimized structure is similar to isomer A, and the remaining half (set B) to isomer B. Again,
that of N@Gs. Cen is significantly displaced from the center half of set A has &, on the lower half of the cavity along the
of the fullerene cage toward the inner wall of the ca@g (  zaxis, and the remaining half hag{©n the upper half in Figure
symmetry). G,is almost neutral, as shown by its NBO charge 2. [See Figure 2 for the definition of the coordinate system. In
(—0.06). The atom is bonded to four carbon atoms (C14, C15, the figure, G, is shown to be located on the upper half of the
C16, and C22) of the fullerene cage with bond lengths of 1.57, cage.] A similar argument holds for set B. Figure 4 also shows
1.55, 1.56, and 1.56 A, respectively. Compared to N@(@ere six equivalent sites on one half viewed along thaxis. One
is one more bond, &G—C14. My separate analysis of the NBO can propose that those 24 sites represent different states of a
shows that the Wiberg bond indices (WBfsare 0.76, 0.70, memory storage device, for which it is desirable that all of them
0.78, and 0.78. Another structural feature is that C15 protrudesare accessible from one another at room temperature. The
from the surface of the fullerene cage by approximately 1.47 calculation of the energy of intermediate states shows that six
A, manifesting its spcharacter. Bonds CHC15, C15-C16, equivalent sites, related to one another gy(@= 1, 6) rotations
and C15-C22 are weakened to single bonds as shown by the along thez-axis, are separated by one another by energy barriers
increased bond lengths (1.55, 1.56, and 1.56 A, respectively)of heights 0.71 and 0.51 eV for sets A and B, respectively, while
compared to those (1.43, 1.44, and 1.44 A) in the free Al the sites of set A equivalent to one another by the reflection in
these observations suggest that there should remain no ape[xy] are separated by a barrier of height 0.52 eV. The barrier
preciable amount of spin density aroungh@\s in the case of  for the conversion from isomer B to isomer A 180.15 eV.
N@Gss, We can observe a complete spin transfer froga tG Therefore, the encapsulated carbon atom should be able to jump
the fullerene cage upon encasement. Figure 3 shows that ondrom one designated location to another at a reasonable rate at
of the two unpaired electrons is concentrated on six carbon room temperature.
atoms located at the lower part of the cage, while the other one For comparison, | also have considered the encapsulation of
is distributed over the whole cage, each of them filling spin-up carbon in Gp. There are two stable isomers (isomers A and B)
states (not spin-down states) of the SOMO1 and SOMO similar to isomers A and B of C@4f. Similarly to the case of
(singly occupied molecular orbital), respectively. The net spin the latter, isomer A is 0.20 eV more stable than isomer B. The

(b)
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C16(C22) (a)

Figure 5. Optimized structures of isomers A (a) and B (b) of C@C
) L . Figure 6. Optimized structures of three isomers, A (a), B (b), and C
calculation shows that the encapsulation is energetically less(c), of the dimer Li@Gs—Cas.
favorable E., = —1.35 eV for isomer A) than that in 4
reflecting the lower chemical reactivity ofs€inside the cage.  there is an equilibrium among 72 distinct sites, i.e., 60 sites of
Figure 5 shows that Gis also displaced from the center of the isomer A and 12 sites of isomer B. This shows the possible
cage and is bonded to four or five carbon atoms in a way very application in magnetic devices or spin-based electronics, since
similar to that in the case of C@g For simplicity, | label the  the two sets of sites can be distinguished from each other by
carbon atoms so that equivalent atoms have the same labels inhe difference in spin or magnetic properties. The locations of
the two systems. In isomer A, there are 60 equivalent sites of the carbon atom in Figure 5 are in clear contrast to those in the
Cen since it is located on top of a carbon atom of the fullerene. case of N@G, for which the nitrogen atom is located at the
C15 also protrudes from the surface of the cage by 1.57 A, andcenter of the cage. This shows that the structure of an endo-
interatomic distances fromggto C14, C15, C16, and C22 are  hedral fullerene is critically dependent upon the kind of encased
1.58, 1.57, 1.66, and 1.66 A, respectively. Therefore, the-C atom.
C16 and G;—C22 distances are 0.10 A longer than those in  Next, the dimerization of Li@& will be taken into account
the case of C@%g, which is also manifested in the bond orders through the reaction Li@4g(1) + Csg(2) — Li@Cag(1)—
(0.64) being smaller than the corresponding ones in G@C C36(2). [I put the labels “1” and “2” in parentheses to dis-
The bond length (1.48 A) between C14 and C15 is only slightly tinguish the two fullerene units.] The dimerization can be con-
elongated from that (1.45 A) in the unencapsulated The sidered to be plausible, noting that it was proposed that a co-
spin configuration (singlet) is different from that (triplet) of valently bonded dimer can be a dominant structural unit in the
C@Gs, even though there is a striking similarity in the nonendohedral & thin films 1! Investigation of the heterodimer
structures of the two systems around C15. [The conformation would be particularly interesting, since the majority of the
(triplet) which has G, at the center of the cage, although it product will still be metal-free even after the treatment for metal
corresponds to a local minimum, is found to be much less stableencapsulation. For the structure optimization, four different
(Een= —0.03 eV).] isomers were considered where bonding between the two cages
In isomer B, little deformation is involved in the geometry occurs at different carbon atoms. Optimized structures for three
of the fullerene cage. Bond lengths for all five bonds involving of them (A, B, and C) are shown in Figure 6. [The spin
Cen(1.75 A) are the same, indicating perfeg€thapticity. There configuration is a doublet for all the isomers.] Another isomer,
are 12 equivalent sites ofs£in this isomer, since there are 12 which retains no bonding between the two cages after optimiza-
pentagons in €. The spin configuration (triplet) is different  tion, can be generated if unit 1 is bonded to carbon atom C2 of
from that of isomer A, showing its sensitivity to the position of unit 2 instead of C1 in Figure 6a. Among the three possible
Cen Since the relative energy of isomer B is only 0.20 eV higher isomers shown in the figure, isomers A and B are characterized
than that of isomer A, the two isomers will be in an equilibrium by single bonds between two units at different carbon atoms,
that involves spin quenching and generation. More precisely, while there are two single bonds in isomer C. | find only one
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Figure 8. Optimized structures of three isomers, A (a), B (b), and C

Figure 7. Spin density distributions of three isomers, A (a), B (b), (), of the dimer C@&—Css.
and C (c), of the dimer Li@¢—Css shown in Figure 6.

in Figure 8. Another isomer, which retains no bonding between
stable site of Li for each of the isomers A and B, which is shown the two cages after optimization, can also be generated if unit
in Figure 6. This is because the symmetry of the potential energy 1 is bonded to carbon atom C2 of unit 2 instead of C1 in Figure
surface inside the cavity is broken upon the formation of the 8a. Isomer C (singlet) is the most stable, in which two single
dimer. For example, a possible location of Li in the upper half bonds (bond lengths 1.62 A) are formed between carbon atoms
cavity in unit 1 is not energetically stable for isomers A and B. of the two units. There are four-&C single bonds involving
Although the symmetry of isomer C indicates that there are two Cen with bond lengths of 1.55, 1.57, 1.57, and 1.57 A. [In
equivalent locations (one on the upper half and the other on agreement with an earlier repdtthe calculation shows that a
the lower half) of Li, the potential energy surface, which is similar structure is the most stable among all the dimerized
nearly flat within 0.01 eV between the two sites, leads us to isomers of Gg(1)—Css(2) without a carbon atom encapsulated.]
consider them as one site. In short, there is effectively only It is more stable than the optimized structure of isomer A by
one possible site for Li in each of the three isomers. It is found 0.28 eV, and then isomer B by 1.61 eV. For isomer C, the large
that the dimerization energies-1.50,—1.13, and—1.46 eV, negative energy of dimerization—(.56 eV) indicates that
respectively) of the three isomers-& are comparable to one C@G;s would presumably exist in the form of dimers or
another. Therefore, the dimerized products would be a mixture polymers once it is formed.
of all three isomers. In the process of dimerization forming  In isomer A (triplet), there is a single bond between carbon
isomers A and B from their monomeric components, there is atoms [C15(1) and C1(2)] of the two units with a bond length
almost a complete transfer of spin from unit 1 to the other unit, of 1.56 A. This kind of bond formation is quite natural, since
while the spin density remains on unit 1 in isomer C. [See Fig- C15(1) protrudes from the surface of the cage in an isolated
ure 7.] Therefore, equilibrium between isomers A and C as well C@Gsg. It is only slightly (0.28 eV) less stable than isomer C.
as that between B and C is accompanied by spin transferCegnis located at a position similar to that in isomer B of the
between the two fullerene units, which does not happen betweenmonomer C@gs shown in Figure 2b. In fact, the isomer is
A and B. much more stable than isomer B, which hag, & the same

It would also be quite valuable to investigate the dimerization position as in isomer A of the monomer. The appreciable value
of C@G with a nonendohedral 45 through the reaction  of the dimerization energy<1.28 eV) of isomer A indicates
C@Gsg(1) + Cs6(2) —~ C@Gsg(1)—C36(2). In doing this, | have  the possibility of its coexistence with isomer C. [The isomer of
considered four different isomers of the dimer where bonding Cz¢(1)—Css(2), i.e., that similar to isomer A shown in Figure
between the two cages occurs at different carbon atoms. The8a without a carbon atom encapsulated, has a very weak bonding
optimized structures of three of them (A, B, and C) are shown between the two cages, as manifested by a smdllZ3 eV)
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Figure 9. Possible sites of &Gin the cavity of Gs viewed along the
z-axis for C@Ges—Css. Sites A, B, and C are equivalent to sites F, E,
and D by molecular symmetry.

energy of dimerization. Namely, the stabilization of isomer A
is closely related to the carbon encapsulation.]

For isomer C, a lengthy calculation shows that there are
twenty-two discrete locations foreg i.e., two less sites than ~ Figure 10. Electron density distributions in the SOM© 1 (a) and
those in the monomer C@E To find this, | have optimized SOMO (b) of isomer A of the dimer C@—Css shown in Figure 8a.
structures starting from six nonequivalent initial positions of . .

Cen similar to those in C@8, three (A, B, and C) of which, ~ Process is~1.56 eV. At low temperatures, isomer C should
corresponding to the sites in isomer A of the monomer G@C plommate the dimer, and the rellatlve amount of isomer Alshould
are shown in Figure 9. The other three are located at sites similarincréase as the temperature increases. Therefore, this would
to those in isomer B of the monomer. [See Figure 8c for the @Pparently lead to the spin crossover from a low-spin state of
definition of thez-axis.] Among all the sites, the one shown in 1S0mer C to a high-spin state of isomer A at a certain
Figure 8c corresponds to the one with the lowest energy. temperature, resulting in the characteristic magnetothermal
Relative energy values of all sites are within G-@47 eV with response of the system.

singlet spin configurations. Therefore, a nonnegligible degree
of differentiation is introduced into the energy levels of the sites
as a result of the dimer formation. Again, barriers separating  First, it has been shown that small atoms such as lithium and
those designated locations can be surmounted at room tempercarbon can be encapsulated i 6n the basis of the calculation
ature because barrier heights are found to be 0.81 eV at mostof their encapsulation energies. Especially, they are expected
In isomer A of the dimer, it is also found that there are 22 to be encapsulated insg&more favorably than in g, even
distinguished sites of & and the most stable one is shown in - though the cavity size of the former is only 70% of that of the
Figure 8a. Relative energy values (eV) of the sites lie within |atter. This leads us to conjecture that the fullerene could house
0.79 eV of each another. A lengthy calculation shows that the other small atoms such as beryllium and boron, although it is
barriers for interconversion among all the sites are less thannot clear if it can encase a nitrogen atom. It will be very
0.57 eV. In summary, interconversion between isomers A and interesting to verify this prediction experimentally, sincg &

C does not change the total number of distinct sites fgy C  the first fullerene smaller thanggwhich can be produced in
and those sites are accessible from one another at roommacroscopic amounts. Contrary to the case of N@@e

Conclusion

temperature. carbon atom is not located at the center of the cage. Rather, the
Although the spin configuration (triplet) of isomer A of atom is covalently bonded to carbon atoms of the cage. The
C@Ge(1)—Cge(2) is the same as that in an isolated C@@n spin configuration of the endohedral complexes depends on the

analysis shows that the spin density does not exclusively residesize of the cage, although there is a striking similarity in the
on C@Gg(1). Figure 10 shows the electron density distributions geometrical features of C@gand C@ G around the encap-

in the SOMO— 1 and SOMO of the dimer, each of which is sulated carbon. C@g is also interesting in relation to its
half-filled for spin-up states only. In the SOMO 1, electron application to storage devices, since the equilibrium between
density is exclusively concentrated on the second ugi(2; two kinds of isomers involves spin quenching and generation.
while the density resides exclusively ong) in the SOMO. Li@Css and C@Gg are expected to exist in the form of

In summary, half of the total spin density is expected to be dimers (Li@Gs—Css and C@Gs—Cse) With a nonendohedral
transferred from g(1) to Gse(2) upon the formation of isomer  fullerene rather than as monomers. There are three stable isomers
A from its components. Since there is no spin polarization in (A, B, and C) for Li@Ges—Css, Where only one stable Li site
isomer C, isomerization between isomers A and C is ac- was identified inside the cavity for each of them. Equilibrium
companied by spin quenching and spin generation. [It is not between A and C as well as that between B and C is
necessary to consider isomer B, since it is energetically much accompanied by spin transfer between two fullerene units, while
less stable.] Since the-€C bonds between the two fullerene that between A and B is not. Meanwhile, there are two stable
units involve different carbon atoms in the two isomers, isomers for C@gs—Css One of which not being observed in
isomerization between them should go through the breaking andthe dimer Ge—Cszs. Twenty-two distinctive sites were found
formation of appropriate €C bonds. In other words, the for the encapsulated carbon atom inside the cavity for each
transition state for the interconversion should be the system ofisomer. The calculation of energy barriers shows that they are
two isolated fullerene units. Therefore, the activation barrier of accessible from one another at room temperature, allowing it
the conversion of A— C is approximately 1.28 eV, which is  to be applicable in data storage. Equilibrium between the two
the dimerization energy of isomer A, and that of the reverse isomers is accompanied by spin quenching and generation, also
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making it potentially useful for molecular devices such as
magnetic switched’ | expect that these predictions could

stimulate experimental works on the production of endohedral

fullerenes of G as well as on the understanding of their spin
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