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Monomeric hydroazafullerene C59HN has been synthesized
and isolated by HPLC in its pure form, which has been
efficiently oxidized to give C59HNO in the presence of
oxygen under irradiation with a UV lamp; mid-IR, UV–
Vis–NIR and FT-Raman spectra have been measured.
Analyses of the electronic absorption and vibrational
spectra of C59HN and C59HNO are also reported.

The introduction of heteroatoms into fullerene networks fund-
amentally affects their structural and electronic properties.1–4

Exchange of one carbon atom in the C60 molecule with nitro-
gen, a trivalent element with a lone pair of electrons, produces
the azafullerene radical C59N� which is found either to rapidly
dimerise yielding bisazafullerene (C59N)2

5 or to abstract a
hydrogen atom to form the parent hydroazafullerene C59HN.6

Due to the lowering of the symmetry, the t1u triplet LUMO of
the C59N� radical is no longer triply degenerate. Moreover, it is
an open shell with a partially occupied t1u orbital with reduced
energy.7 Although the bulk synthesis of the monomeric form of
azafullerene C59HN was described four years ago, no further
studies of its structural, electronic and solid state properties
or its chemical reactivity and potential applications have been
performed.

In this communication we report the reaction conditions we
have applied for the synthesis of C59HN that guarantee more
than 99.9% pure isolated material after HPLC treatment. The
species are characterized via FT-IR, FT-Raman and UV–Vis–
NIR absorption spectroscopy. Also, an oxide derivative
C59HNO is synthesized and a direct comparison with its precur-
sor is made.

Starting from C60 and following a two-step literature
procedure a [60]-N-MEM ketolactam was isolated.5 Then,
a large excess of 100 equivalents of p-TsOH was added to
an o-dichlorobenzene solution of the ketolactam and after
degassing with Ar the system was refluxed for 7 minutes.8 A
rapid reaction occurred and after quickly cooling down the
system to room temperature by immersing the reaction flask in
an ice bath to prevent further dimerisation, hydroazafullerene
C59HN was isolated by flash column chromatography with
toluene as eluent. The product was purified further by high
performance liquid chromatography on a 5PYE column.9

In order to obtain the oxide derivative a slow stream of
molecular oxygen was bubbled into a toluene solution of
C59HN and the solution was irradiated with a UV lamp for a
period of 40 minutes.10 In addition, we have recently found that
both C59HN and (C59N)2 can produce sufficient amounts of
singlet oxygen and therefore sensitize the photooxygenation of
olefins.11

For the FT-IR and Raman measurements thin films of the
isolated compounds were prepared by the drop-coating tech-
nique on gold-coated silicon substrates with condensed toluene
samples. Fig. 1 shows the mid-IR spectra of C59HN, C59HNO
and a partial region of the dimer (C59N)2

12 for comparison.
Interestingly, in the spectrum of C59HNO the appearance of at
least four new absorbance peaks with respect to the C59HN was
observed. The new lines appear at 587, 792, 895 and 1506 cm�1

and should most probably be attributed to the N–O bending
and the stretching modes rather than to any C–O 13 vibrational
mode. The disappearance of the absorption modes at 820–840
cm�1 from the bisazafullerene and the simultaneous growth
of new ones at 1170 cm�1 clearly show that the two materials
possess different absorption spectra and therefore can be easily
distinguished from each other.14 Thus, for the first time we are
able to unambiguously provide fingerprint regions for all of this
novel class of materials.

Fig. 2 shows the UV–Vis–NIR electronic absorption spectra
of C59HN and C59HNO in carbon disulfide solution. The onset
of C59HN lies at a high energy around 900 nm. Basically, the
onset of a UV–Vis–NIR spectrum corresponds to the lowest

Fig. 1 Mid-IR spectra of C59HN (top) and C59HNO (middle) and a
partial spectrum of (C59N)2 (bottom). The arrows on each spectrum
identify characteristic lines for each compound.
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electronic transitions and thus is a good measure of the
HOMO–LUMO energy gap. This means that hydroazafullerene
C59HN should possess a large HOMO–LUMO band-gap which
is also consistent with its remarkable stability both in solution
and in the solid state. There are also other characteristic
features observed for the monomer C59HN at 450, 600, 740, 816
nm and also a couple of broad peaks at around 1300 and 1950
nm. A separate measurement of its electronic absorption spec-
trum was performed in the solid state in order to verify that the
broad peaks that appeared after the onset do not come from the
background. We found that the onset of the hydroazafullerene
in the solid state is continuous down to 2400 nm; this would
most probably be attributable to a higher excited state of the
material. An overall comparison with the electronic absorption
spectrum of its oxide derivative C59HNO reveals close similar-
ities between the two materials.

We have also measured the FT-Raman spectrum of C59HN
which is presented in Fig. 3.15 As expected, the transformation
from C60 to C59HN results in an increase of the Raman active
modes as a consequence of lowering the overall molecular
symmetry from Ih to Cs. The strongest lines appear at 270, 492,
1460 and 1570 cm�1. Overall the modes are slightly shifted
towards lower energies with respect to those of C60 as a result of
the symmetry reduction and the higher molecular mass of the
material. Excitation with lasers having different wavelengths
and temperature dependent studies of this unique material
would allow a direct comparison with previous results based on
the dimer derivative 16 and provide information on its stability

Fig. 2 UV–Vis–NIR absorption spectra of C59HN (bottom) and
C59HNO (top).

Fig. 3 FT-Raman vibrational spectrum of the hydroazafullerene
C59HN.

and detailed electronic properties, a study which is currently
underway.

It is worth mentioning that the material was found to be
remarkably stable during all these studies. Time dependent
infrared studies showed that neither dimerisation nor derivatis-
ation to any oxidation adducts occurred in the solid state. Also
the material remains unchanged in toluene solution in the dark
for at least several weeks.

In summary, for the first time, we have prepared, in a very
pure form, the parent hydroazafullerene from a [60]-N-MEM
ketolactam under reaction conditions different from those of
the literature method. Also, its N-oxide derivative was syn-
thesized and UV–Vis–NIR absorption electronic spectra as well
as FT-Raman and mid-IR vibrational spectra were recorded,
analysed and compared.
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