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ABSTRACT: A combined computational and experimental study reveals the
character of the C60 complexes with piperidine formed under different reaction
conditions. The IR and NMR experiments detect the dative bond complex, which
according to NMR, is stable in the oxygen-free environment and transforms to
the adduct complex in the presence of O2. Computational studies on the
character of reaction channels rationalize the experimental observations. They
show that the piperidine dimer rather than a single piperidine molecule is
required for the complex formation. The calculations reveal significant differences
in the dative bond and adduct complexes’ character, suggesting a considerable
versatility in their electronic properties modulated by the environment. This
capability offers new application potential in several fields, such as in energy
storage devices.

1. INTRODUCTION

The amino-functionalization of carbon nanomaterials un-
doubtedly represents one of the most popular modifications
providing promising systems with applications in several
fields.1 The uses of amino-fullerenes in biorelated disci-
plines,2−9 optoelectronics,10−13 and catalysis14−16 have already
been reported, although there are still many to be uncovered.
The unique structure of fullerenes gives these carbon

allotropes the capability to modify their electronic properties
widely. This flexibility, among others, makes fullerenes
promising candidates for, e.g., battery applications (for review,
see ref 17). In this context, the properties of functionalized C60,
such as tuning of their redox potentials, directly related to the
electron affinity, and others, have been the subjects of several
studies18−20 for their potential use as electrode materials in
batteries.17 As an example, the fullerene’s functionalization can
change its overall charge, ranging from negative carboxyl-C60 to
neutral ester-C60 and positive piperazine-C60.

21

The addition of amines to C60 fullerene was first reported
nearly three decades ago.22,23 The resulting products were
identified as tetraaminofullerene epoxides with a 1,4-addition
pattern.24−26 The observed reaction yield turned out to be very
low; however, it increased upon the UV irradiation.27,28 Lately,
penta-amino hydroxyl and hexa-amino adducts have also been
synthesized in dark conditions.29

It is now generally assumed that the addition starts with the
formation of a long-lived contact ion pair (IP; [C60

•−

NHR2
•+]) resulting from the single-electron transfer (SET)

from amine to C60. The SET has been experimentally
identified using the near-infrared (NIR) spectroscopy for
some tertiary amines-to-fullerene additions30−32 and secondary
amines-to-fullerene additions in polar solvents.33 The SET
process in the amines-to-fullerene addition has also been
detected in the reaction of amines and C60/C70 fullerenes
performed under UV irradiation (photoinduced electron
transfer).34,35

Detailed studies on the mechanism of the addition reaction
of piperidine and other secondary aliphatic amines with C60

have shown a substantial increase of the reaction yield of the
addition reaction in the polar dimethyl sulfoxide (DMSO)/
chlorobenzene solvent mixture,33 highlighting a crucial role of
DMSO to form an IP and subsequent adduct (1,4-
tetraaminofullerene epoxide) upon contact with air. Notably,
the C60

•− characteristic NIR bands (994 and 1077 nm) have
not been observed for other mixtures than those containing
DMSO.
The above-observed experimental findings, particularly the

role of DMSO together with the lack or a lower extent of IP
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formation,33 leave the question of the addition mechanism in
less polar or nonpolar solvents still open.
We have recently reported on the formation of covalent/

dative bonds between C60 and piperidine in the less polar
solvents, proved by the NMR and IR spectroscopy performed
in o-dichlorobenzene and pure piperidine, respectively, in
which the nitrogen lone pair of piperidine donates two
electrons to electron acceptor C60.

36 Using the computational
studies, we have shown that this reaction requires hydrogen-
bonded piperidine dimer binding, promoting the charge
transfer cascade in the sequence outer pip → inner pip →
C60. The existence of the dative complex has been confirmed
by IR and NMR experiments. The dative bond (DB) forms
practically immediately after putting the reactants together.
The unique properties of fullerene-based materials make it

attractive to search for other possible differences in electronic
properties due to differences in their bonding characters, such
as in their DB and adduct complexes. For this reason, we
extend our studies to more detailed calculations of the reaction
of C60 with piperidine with calculations of the relevant reaction
channels of C60···pip and C60···(pip)2 complex formations
under an oxygen-free atmosphere (Schemes 1 and 2,
respectively) and in the presence of oxygen (Scheme 3 and
4, respectively). The reaction path in Scheme 3 follows that
suggested in refs 29 and 33. Contrary to our previous papers
dealing exclusively with the DB formation, we also consider the
consecutive addition reaction to form 1,4-substituted full-
erenes. Previous DFT studies37−39 show that the addition of
amines most likely proceeds across the (6,6) bonds of C60
rather than the (5,6) bonds (Figure S1). Our study considers
both possible adducts formed from the DB complex. The
electronic properties, in particular, charge distribution and
electron affinities, for both types of complexes are discussed.
The calculations are combined with IR and NMR experiments,
run in dark and light and with or without air, allowing the
discussion of complex stabilities under different conditions.
The experiments are performed in solvents significantly less

polar than DMSO (cf. De(DMSO) = 46.7 and De(CS2) = 2.6
used in the IR experiment and De(o-dichloro-benzene) = 9.9
used in the NMR experiment).

2. RESULTS AND DISCUSSION

2.1. Calculations. 2.1.1. C60···pip and C60···(pip)2. Figures
1 and S2 show the potential energy surface (PES) of forming
the C60−pip complex in the absence of oxygen (Scheme 1) and
the most important geometry parameters of the PES’s critical
points. During the reaction course in the gas phase, piperidine
binds to C60 via a tetrel bond, leading to the van der Waals
(vdW) complex (vdW_a), stabilized by 6.7 kcal/mol. The N−
H bond of piperidine changes only negligibly. The reaction
then proceeds via transition state TS1_a to the DB_a complex.
In the former, the piperidine N−H bond remains unchanged,
and the C−N bond between C60 and piperidine shortens by
about 0.9 Å. The reaction barrier is tiny, and the transition
states are stable with respect to their isolated subsystems by 1.7
kcal/mol, which makes the DB_a complex easily accessible.
The optimization procedure reveals only small changes in the
complex, particularly, shortening of the C−N bond by about
0.2 Å and a slight deformation of the C60 buckyball structure
due to a partial sp3 hybridization of the carbon atom involved
in the dative bond. The stabilization energies of vdW_a and
DB_a reveal the former’s larger thermodynamic stability,
which indicates that the existence of the DB_a complex is
unlikely. This picture changes when the solvent is involved in
the calculations. Although the calculations localized the vdW_a
complex on the PES, this will not form in the solvent, and the
reaction will follow directly to the DB_a complex. Most
importantly, the DB_a complex’s stabilization is significantly
larger than in the gas phase (by about 7 kcal/mol), which
results during the N → C dative bond formation in the
presence of the piperidine solvent.
Starting at the DB_a complex, the reaction profiles are very

similar in the gas phase and solvent and are discussed
simultaneously. On the basis of the previous experimental and

Scheme 1. Schematic Diagram Illustrating the Formation of the Addition Products from C60 with Piperidine

Scheme 2. Schematic Diagram Illustrating the Formation of the Addition Products from C60 with Piperidine Dimer
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computational findings,36 two adducts, Pdt(5,6)_a and
Pdt(6,6)_a, and their relevant transitions states, TS2(5,6)_a and

TS2(6,6)_a, were considered. In both cases, the hydrogen of
piperidine binds to the C60 skeleton. Simultaneously, the

Scheme 3. Schematic Diagram Illustrating the Formation of the Addition Products from C60 with Piperidine in the Presence of
O2
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covalent N−H piperidine bond of about 1.02 Å changes to a
noncovalent hydrogen bond of 2.3−2.4 Å. The values of
stabilization and activation energies in both the gas and solvent
exclude the existence of the complexes with (5,6) binding
mode. Pdt(6,6)_a corresponds to the most thermodynamically
stable structure on the PESs. However, the transition barrier of
about 20 kcal/mol calculated for DB_a → Pdt(6,6)_a reaction
excludes the existence of the latter.
The extension of the system to C60−(pip)2 (Scheme 2)

leads to significant modifications in the reaction profile (see
Figure 2). The vdW complex (vdW_b) forms only in the gas
phase. Its stability is larger, about 12 kcal/mol, compared to
C60−pip (7 kcal/mol). Figure S3 shows the most relevant
geometry parameters, i.e., the C−N distance between the
piperidine directly bound to C60 (inner pip) and the hydrogen
bond between the inner and the second (outer pip) molecules.
From the vdW_b complex, the system reaches the DB_b
complex via the TS1_b transition state with a negligible
activation barrier of 0.1 kcal/mol.
The calculations performed in the solvent localized neither

vdW_b nor TS1_b structures; instead, the optimization led

directly to the DB_b complex. This result can be explained by
a different charge distribution in pip2 in the gas and solvent
phase (Figure S4). The molecular electrostatic potential
(MESP) isosurface exhibits a more negative ESP at the N
atom in pip2 in the solvent medium (−46.8 and −52.7 kcal/
mol in the gas and solvent phase, respectively). The DB_b
complex possesses one dative bond between C60 and pip
dimer, instead of the DB_b′ complex having two direct bonds
(Figure S5). The former complex is stabilized by (i) the N →
C dative bond with the bond length of about 1.57 Å and (ii)
the inner pip···outer pip hydrogen bond of about 1.75 Å,
leading to the overall stabilization energies of 17.3 and 20.9
kcal/mol in the gas phase and solvent, respectively. The latter
value is in good agreement with the result (18.0 kcal/mol)
obtained with a more accurate SCS-MP2 method. Due to
similar energy reasons as in the case of C60···pip, only the
reaction channel leading to Pdt(6,6)_b is discussed next. In this
product, the inner pip···outer pip hydrogen bond breaks, and
the hydrogen atom of the former binds to C60 and forms a new
hydrogen bond, of about 2.2 Å, with the outer pip. The
Pdt(6,6)_b complex stability is 16.6 and 14.8 kcal/mol in the gas

Scheme 4. Schematic Diagram Illustrating the Formation of the Addition Products from C60 with Piperidine Dimer in the
Presence of O2

Figure 1. Electronic energy diagram for forming the addition product
from C60 with piperidine in the gas phase (blue color) and pip solvent
(red color).

Figure 2. Electronic energy diagram for forming the addition product
from C60 with piperidine dimer in the gas phase (blue color) and pip
solvent (red color).
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phase and solvent, respectively. The SCS-MP2 stabilization
energy in the solvent of 13.0 kcal/mol agrees with the latter
DFT-D value. Although this complex stability is only about 2
kcal/mol larger than for C60···pip, its formation is much more
likely since the activation reaction for the DB_b → Pdt(6,6)_b
reaction is energetically feasible; i.e., the TS2(6,6)_b transition
state is stable by 2.3 kcal/mol (the gas phase) and 5.4 kcal/mol
(the solvent) with respect to the reactants. However, their
relative stabilities indicate that the former is thermodynami-
cally favored. Indeed, the equilibrium between them shifts
toward the DB_b complex (K = 0.00003, ΔG is approximated
by ΔE), thus disfavoring Pdt(6,6)_b formation.
2.1.2. C60···pip and C60···(pip)2 in the Presence of O2.

Scheme 3 displays the whole reaction scenario leading to three
possible reaction products, Pdt1, Pdt2, and Pdt3, starting with
a single pip, referred to in the literature (see refs 29 and 33);
Scheme 4 illustrates the modifications caused by the
interaction with (pip)2. In the reaction path calculations of
both C60···pip (see Figure 3 for PES and Figure S6 for the

structures) and C60···(pip)2 (see Figure 4 for PES and Figure
S7 for the structures), the DB complexes (DB_a and DB_b)
are considered the starting points for subsequent reactions
with O2. Starting from the C60···pip DB_a complex, O2 binds
via an O···H−N hydrogen bond to piperidine, forming the
complex1_c, stabilized by 6.4 and 12.5 kcal/mol in the gas
phase and solvent, respectively. At this point, the hydrogen
atom from pip transfers to 3O2 and forms hydroperoxyl radical,
which interacts with the nitrogen of piperidine via an N−H
hydrogen bond of about 1.6 Å (complex2_c). This reaction
proceeds on the triplet potential energy surface. The transition
barrier (transition state TS3_c) for this reaction is 6.9 and 3.5
kcal/mol in the gas phase and solvent, respectively, and the
complex2_c is slightly unstable, by 1.6 and 0.4 kcal/mol in the
gas phase and solvent, respectively. The spin density plots of
complex2_c and complex3_c show the distribution of spin in
C60 and the hydroperoxyl radical (Figure S8). The role of C60
in the H transfer is apparent from the energy barriers
calculated in the absence of C60 and presence of O2 (Figures
S9−S12). The corresponding transition barriers for pip
(Figures 3 and S10) and pip dimer (Figures 4 and S12)
become smaller in the presence of C60. The binding of

3O2 to

the DB_b complex of C60···(pip)2 provides a different energy
profile. The O2 molecule binds with the same motif as in the
previous case to outer piperidine, resulting in the complex1_d
with significantly larger stability (19.3 and 23.7 kcal/mol in the
gas phase and solvent, respectively) than upon binding of a
single pip. Similar to the reaction scheme found for C60···pip,
the (NH) hydrogen atom transfers to 3O2 and forms
complex3_c in which the hydroperoxyl radical binds to the
N atom of outer piperidine. An enhanced electrophilicity of the
N atom in outer piperidine in the presence of O2 explains this
observation. The calculated local Fukui function value at the N
atom of pip2 is 0.01 and increases to 0.013 in the pip2−O2
complex (complex1_f). It assists the (NH) hydrogen transfer
from inner to outer piperidine.
This reaction proceeds via the transition state TS3_d. Both

structures, complex3_c and TS3_d, are stable, by 7.8 and 4.5
kcal/mol in the gas phase and by about 9.4 and 9.3 kcal/mol in
the solvent, respectively, with respect to the isolated substrates.
From complex2_c, the formation of 1,4-diamino-C60 (Pdt1)

requires additional pip in Scheme 3, while it binds the outer pip
to C60 (complex3_c) in Scheme 4. The additional/outer
piperidine molecule reacts with C60 through SN2″ pathway to
form complex4_c. The reaction path prefers the 1,4-addition
over the 1,2-addition of two pip to the hexagon systems,
avoiding the steric hindrance in the complex. The hydro-
peroxyl radical abstracts the hydrogen in complex4_c through
a transition state, TS4_c, to form diamionofullerene with
hydrogen peroxide (Pdt1···H2O2). The stabilization of the
Pdt1···H2O2 excludes the possibility of releasing the hydro-
peroxyl radical over hydrogen peroxide (Figures 3 and 4). The
formation of 1,4-diamino-C60 epoxide (Pdt2) considers the
same modifications. The highly electrophilic fulvene, Pdt1,
goes through an epoxidation reaction with hydrogen peroxide.
Pdt3 is formed from Pdt2 with additional pip. The direct attack
of pip opens the epoxide ring forming a triamino hydroxyl
product. In all these cases, the gas phase and the solvent
calculation results are very similar, giving largely stabilized
adduct products.

2.2. FT-IR Spectra. Figure 5 displays the IR spectra of the
mixture of C60 with piperidine obtained immediately after the

Figure 3. Electronic energy diagram for forming the addition product
from C60 with pip in the presence of O2 in the gas phase (blue color)
and pip solvent (red color).

Figure 4. Electronic energy diagram for the formation of the addition
product from C60 with piperidine dimer in the presence of O2 in the
gas phase (blue color) and pip solvent (red color).
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reaction starts to avoid a long exposure to air (taken from ref
36, spectrum C60-P2 in Figure 5) and with a one-day delay
(spectrum C60−pip/1d in Figure 5). The latter lacks both the
bands previously (ref 36) assigned to bending (Figure 5a) and
stretching (Figure 5b) N−H vibrations. The loss of hydrogen
from piperidine’s N−H group is also visible from the dramatic
intensity depletion of the N−H wagging vibration40 of
piperidine at ca. 855 cm−1 (Figure 5a). Furthermore, a new
band appears slightly below 3000 cm−1 (Figure 5b), attributed
to the new C−H bond on the fullerene’s carbon. The strong
covalent C−N between C60 and piperidine also emerged with
significant intensity (indicated in Figure 5a) at ca. 1220 cm−1.
The above-described differences between the C60-P2 and C60−
pip/1d spectra strongly indicate the formation of the addition
product. The IR spectra displayed in Figure 5a indicate the
existence of Pdt2 and Pdt3 adduct products. In particular, the
band at 1125 cm−1 (Figure 5a) fits well within the typical C−O
bond vibrations of tertiary alcohols, as in Pdt3;41 the bands in
the region of 1230−1280 cm−1 correspond to medium-strong
C−O stretching vibrations of oxirane groups42 formed in Pdt2.
2.3. NMR Spectroscopy. 2.3.1. C NMR. Figures 6 and S13

display the C NMR spectra obtained in the nitrogen and
oxygen atmospheres in dark conditions; the spectra in the light
conditions are shown in Figure S14. The spectra acquired

shortly after the sample preparation show, apart from the signal
of the starting C60 at 143 ppm and of the piperidine signals, a
low-intense signal at 52 ppm. This signal was previously
assigned to the CH2 groups of piperidine in the dative bond
with C60.

36

In the nitrogen atmosphere, in both light and dark, the C60
signal at 143 ppm persists, and no new signals appear during
the time course of the experiment, i.e., 21 days, showing its
stability in the oxygen-free environment. On the contrary, the
signal at 143 ppm completely disappears within 21 days, and
new signals appear in the aromatic 140−155 ppm region in the
spectra collected in the ambient atmosphere. Besides, new
signals appear in the aliphatic regions at 70−82 ppm and close
to 50 ppm. The latter corresponds to the piperidine fragments
present in the reaction products. The isolated signal close to 82
ppm corresponds to an sp3 carbon attached to an OH group,
i.e., a product with a structure similar to Pdt3 (Figure S13).
The signals in the region of 70−75 ppm correspond to
fullerene sp3 carbon atoms attached to piperidine nitrogen
(found in all products of the reaction) and to sp3 carbon
atoms, which are involved in a three-membered oxirane ring
(similarly as in Pdt2).
In general, all the chemical shifts’ ranges of the newly

appeared signals in the experiment performed in the ambient

Figure 5. FT-IR spectra of the C60−piperidine adduct after mixing in carbon disulfide (CS2) for 1 day and after drying some of the solvent and
possibly unbound piperidine molecules (C60 pip/1d). Spectra show the regions of (a) the C−N stretching and N−H bending and wagging
vibrations and (b) the N−H stretching vibrations. The spectra of pure C60, piperidine, CS2, and the coordination complex of C60 with piperidine
(C60-P2, from ref 36) are given for comparison.

Figure 6. 13C NMR spectra of the 1,2-dichlorobenzene-d4 solutions of a mixture of C60 with piperidine. The samples were kept in the dark and
under (a) ambient and (b) nitrogen atmospheres.
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atmosphere are close to those observed for piperidine addition
to C60.
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2.3.2. H NMR. The H NMR spectra (Figure 7) acquired
immediately after the sample preparation in nitrogen and
ambient atmospheres show a broad low-intense signal at 3.35
ppm. This signal was previously assigned to the CH2 groups of
piperidine in the dative bond with C60

36 and proved the DB
complex formation at the beginning of the reaction in both
atmospheres. After 21 days, this signal changes only slightly in
intensity in the nitrogen. Simultaneously, new signals with very
low intensity appear in the regions of 3.5 and 5.5 ppm,
indicating that some reaction occurs. The new signals are likely
to originate from the interference of the 1,2-dichlorobenzene
solvent, which might react either with traces of water or with
piperidine. The possible product of these reactions is HCl, the
presence of which (even traces) shifts the piperidine NH
signals to higher chemical shifts.
The spectra of the samples kept in the ambient atmosphere

give a more complex character, showing new signals at 3.2−4.2
ppm, which overlap with the original DB signal at 3.35 ppm.
These new signals are assigned to the products of the addition
reaction with the covalent bonds between C60 and piperidine.
The NMR spectra of the samples kept in the light conditions
are almost identical with those of the samples kept in the dark
(see Figure S15).
2.4. Comparison of the Computational and Exper-

imental Results. Table 1 collects the results of the reaction
profile calculations given in Figures 1−4. Only the results
performed in pip solvent are presented. Since the previous
studies on the 5,6 and 6,6 fullerene adducts’ relative energies
(refs 37−39) and our results predict larger stabilities of the
latter in all calculations, only these are used for the discussion.
In our previous studies, we have predicted that the DB

complex requires the hydrogen-bonded pip dimer to bind to
C60. This has been rationalized by the ΔG gas phase values of
C60···pip (ΔG = 12.9 kcal/mol and ΔE = −2.5 kcal/mol; see
Figure 1 and ref 36) and of C60···(pip)2 (ΔG = −0.2 kcal/mol
and ΔE = −17.3 kcal/mol; see Figure 2 and ref 36). The
current results on the adduct formation support this
prediction, giving lower energy barriers to the DB → adduct
reaction in all investigated cases. Unlike in calculations
performed for reactions in the presence of oxygen, the relative
stabilities of DB and adduct Pdt complexes of C60···(pip)2,
obtained for calculations without O2, predict the former to
prevail in the reaction system. The larger stability of DB also
follows from the Gibbs free energy calculations performed in
the solvent environment, giving the ΔG values of −2.5 and
−0.1 kcal/mol for the DB and Pdt, respectively. The calculated
ΔG values of −43.2 kcal/mol (Pdt2) and −59.3 kcal/mol
(Pdt3) also support the existence of stable adducts referred to
in the literature.29,33

The results of FT-IR and NMR spectral measurements
provide evidence of the dative bond formed at the very
beginning of the complexation. Notably, the NMR spectra
prove this complex’s stability in the oxygen-free environment
within the time course of several weeks. This observation
agrees with computational predictions on the larger stability
and, thus, a higher probability of the DB rather than the adduct
complex existence.
Both FT-IR and NMR spectra further show that, with some

time delay (1 day according to FT-IR results), the molecular
oxygen shifts the reaction toward the addition reaction,
previously investigated by several experimental groups (see
the Introduction). New IR bands due to the C−H stretching
modes slightly below 3000 cm−1 demonstrate the adduct
formation. Note that the observed vibrational frequencies

Figure 7. 1H NMR spectra of the 1,2-dichlorobenzene-d4 solutions of a mixture of C60 with piperidine. The samples were kept in the dark and
under (a) an ambient atmosphere or (b) a nitrogen atmosphere.

Table 1. Interaction Energies (in kcal/mol) of C60 with pip and (pip)2

adduct formation

vdW TS1 DB

TS2 Pdt
C60−pip −5.6 −3.8 −9.3 +20.0 −12.9

C1 TS3 C2 Pdt1 Pdt2 Pdt3
C60−pip + O2 −5.6 −3.8 −9.3 −12.5 3.5 0.4 −22.3 −69.3 −101.0

TS2 Pdt
C60−(pip)2 −20.9 −5.4 −14.8

C1 TS3 C2 Pdt1 Pdt2 Pdt3
C60−(pip)2 + O2 −20.9 −23.7 −9.3 −9.4 −15.7 −62.7 −94.4
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nicely agree with the calculated C−H stretching frequencies of
2908 cm−1. The adduct’s formation in the air atmosphere is
also confirmed by the intensive C−N stretching frequency
observed at 1210 cm−1, which is not detected in the DB
complex.
Table 2 shows the results of the electronic properties of the

C60···(pip)2 complexes considered in the calculations. Notably,

although C60
•− has not been identified in low-polar solvents in

the previous studies (see the Introduction), our results of the
natural-bond-orbital (NBO) analyses show relatively large
electron transfer from pip to C60 in the DB complex. The
charge transfer in adduct complexes is strikingly different,
ranging from small pip → C60 electron transfer in Pdt(6,6) to
the small transfer in the opposed direction in Pdt1, increasing
significantly in Pdt2 and Pdt3, respectively. These differences
are reflected in the ESP maps displayed in Figure S16.
Importantly, for the redox potential characterizations, also, the
values of electron affinities of the DB complex and adducts
differ significantly. A comparison of the electron affinity (EA)
of the vdW complex and pristine C60 (2.169 eV) gives almost
an unchanged EA value of Pdt1, while that of DB decreases
more significantly. These results indicate an extensive
capability of functionalized C60 to provide systems with
different characteristics by modifying only the surrounding
environment.

3. CONCLUSION
The computational and experimental IR and NMR studies of
the C60 complexes with the secondary amine piperidine have
been performed to investigate their character under different
reaction conditions. The studies conducted both in the
oxygen-free environment and in the presence of O2 reveal a
different nature of the resulting products. The experimental
studies prove that the dative bond complex forms at the
beginning of the reaction course in all cases and remains stable
in the oxygen-free atmosphere. On the basis of the kinetic and
thermodynamic criteria obtained from the calculations, both
dative bond and adduct formations proceed with pip2 rather
than a single pip. The probability of DB and adduct existence
differs for oxygen-free and oxygen atmospheres: in the former,
the DB complex is more likely, while the calculations in the
latter predict, in agreement with the previous and current
experiments, the existence of the adduct products. The
differences in the calculated electronic properties reflect a
considerable versatility of C60, and possibly other fullerenes, to
modify their properties even by different conditions upon
binding the same functional group. These observations reveal
new opportunities for selective and straightforward covalent

functionalization applicable to attractive fields, such as in
energy storage (e.g., Li-ion batteries).

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/jacs.1c01542.

DFT results, computational details, and IR and NMR
spectroscopy (PDF)

■ AUTHOR INFORMATION
Corresponding Authors

Pavel Hobza − Institute of Organic Chemistry and
Biochemistry, Czech Academy of Sciences, 16000 Prague,
Czech Republic; IT4Innovations, VŠB-Technical University
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