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Letters to the Editor

Chemiluminescence upon the oxidation of fullerene fluorides
CeoF, (x = 18, 36, 48) with ozone in solution
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Fullerene fluorides C¢F, (x = 18, 36, 48) are the most
studied!—3 polyfluoro derivatives of Cg,. Compounds
CyoF, are characterized by nucleophilic substitution reac-
tions.2—4 In addition, higher fluorides (CgyF4q, CgoFag)
manifest oxidation properties,3> and the lower fluorides
enter addition reactions.?3 At the same time, literature
data on the reactivity of fluorides CgqyF, with respect to
oxidants, including O, and O3, are lacking. It is only known
that compounds CyF, in the solid state are stable in air
for a long time.1=3 It is known® that oxygen-containing
fluorides CgF 30 and C4yF 30, are formed as by-prod-
ucts during the synthesis of CgoF 5.

In the present work, we have found for the first time
chemiluminescence (CL) upon the liquid-phase oxida-
tion of fluorides C¢yF, (x = 18, 36, 48) by ozone. The
chemiluminescence involving Cg F, has not been de-
scribed earlier, although the photoluminescence of these
compounds is known.”

Solid samples of fluorides CgoF, (x = 18, 36, 48) (puri-
ty more than 95%) were synthesized using known proce-
dures®—10 at the M. V. Lomonosov Moscow State Univer-
sity. Commercial samples of fullerite Cqy (99.9% purity)

were purchased from the G. A. Razuvaev Institute of Or-
ganometallic Chemistry of the Russian Academy of Sci-
ences. Solvent CCl, (reagent grade) and gases (Ar, O,) were
purified according to procedures described previously.!1:12
To study the reactivity of fluorides Cg4oF, towards O; and
0,, an 0;/0, mixture (7+10=2 (mmol of O3) min~!) or
pure O,, respectively, were bubbled for 40 min at 20 °C
through the solutions of C¢F, in CCl, (1.6 + 10~* mol L~ ).
For this purpose, solutions of C¢yF, (5 mL) were placed in
a Pyrex chemiluminescent cell mounted in the light-proof
chamber for CL detection by a known procedure.12

No CL is observed upon the action of oxygen on solu-
tions of CgyF, (20 °C), i.e., compounds C¢F, in solution
are resistant to O,. Unlike this, bright CL was observed
during bubbling O5 through the solutions of C¢F,. The CL
kinetic curves contain one maximum. The CL brightness
of all fluorides C¢F, is substantially weaker than that of the
known!213 CL appeared upon the ozonation of Cg solu-
tions under similar conditions (Fig. 1). The changes in the
intensities of the kinetic CL maxima (/,,,) and time (#) of
their appearance for compounds C¢yF, and Cgj are shown in
Fig. 1. It is seen that the brightness of CL, and the time of its
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Fig. 1. Chemiluminescence kinetics upon the ozonolysis of
fullerene Cgq (7) and fullerene fluorides CgyF 5 (2), CgoF36 (3),
and CgyFyuq (4) (CCly, 20 °C, [C]y = 1.6+10~* mol L~!; the ab-
scissa is shifted to the right relative to the point of origin for
clarity of representation of the rapidly formed maxima).

inflaming, and hence, the reactivity, are inversely propor-
tional to the degree of fluorination of the Cg cage.

Compound  /,,/photon s~ mL~! t/min
Cyo 5.22-108 10.5
CeoFis 2.69+ 108 42
CyoFag 1.14-107 0.5
CyoFas 4.65+106 0.3

The maxima in the CL spectra of Cqq and CgoF 5 lie in
a longer-wavelength region than the maxima in the spec-
tra of CgoFs and CyoFyg (Fig. 2). The CL spectrum of
fluoride CgyF,g contains maxima at 430, 560, 610, and
645 nm and a shoulder at 520 nm. The long-wavelength
maxima of this CL (at 560, 610, and 645 nm) nearly coin-
cide with the maxima of the CL spectrum detected upon
the prolong ozonolysis of fullerene Cg. Therefore, taking
into account the known data on the CL mechanism!3 dur-
ing the ozonolysis of C¢, and the structure3 of C¢F g, we
may conclude that during the ozonolysis of fluoride Cg(F 5
the CL emitters are the excited states of the carbonyl de-
rivatives of CgF ;g formed due to the attack of ozone to
the C=C bond of the "fullerene hemisphere"” of the Cq(F 5
cage. Correctness of the conclusion about the nature of
the CL emitter is confirmed by the absorption band at
1734 cm~! (C=0) in the IR spectrum of the solid prod-
ucts of ozonolysis of CgyF 5. We assume that the CL emit-
ters in the ozonolysis of fluorides Cg(F3 and CqyF,q have
the carbonyl nature as well. At this stage of investigation, the
mechanism of CL appeared upon the ozonolysis of com-
pounds Cg,F, can be presented in the general form only.

CgoFy + O3 —> *[0]=CgF,0, + [01=CgoF,0,,
*[0]1=CgoF,0, —> [0]=CgF,0, + hv

(x=18, 36, 48)
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Fig. 2. Chemiluminescence kinetics upon the ozonolysis of
fullerene Cg¢ (1) and fullerene fluorides CgyF 5 (2), CgoF34 (3),
and CgyFyg (4) (the spectra of Cqq and CyyF g were recorded on
a FEU-79 photomultiplier, and those of C¢yF;4 and CgyF 45 were
detected on FEU-39; obtained using boundary light filters after
the maxima of kinetic curves /—4 in Fig. 1 were achieved; cor-
rected with allowance for the FEU sensitivity).

The weaker CL intensity of fluorides CgF3 and CgpFyg
and the arrangement of the maxima in the CL spectra in
the shorter-wavelength region are due to two main fac-
tors, first, the known!—3 shielding of the C=C bonds adja-
cent to the F atoms and impeding the attack of ozone to
the C=C bond of these fluorides; second, the characteris-
tic415 short-wavelength shift of the luminescence maxi-
ma of the Cg, derivatives compared to those in the spec-
trum of unsubstituted fullerene Cgy. The mechanism of
CL and reaction products of the ozonolysis of fluorides
CgoF, will be studied in more detail elsewhere.
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