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Trifluoromethylated fullerenes belong to the most numerous 
and  well studied fullerene derivatives. They are characterized 
by high chemical and thermal stability and may be considered 
as prospective compounds with strong acceptor properties. The 
usual synthesis methods are based on the reactions of fullerenes 
with CF3 radicals, which are produced by UV irradiation1 or 
thermally, for example, by heating CF3I2 or decomposition of 
metal trifluoroacetates.3 The alternative method of reacting higher 
fullerene(CF3)2n with pristine fullerene was proposed recently 
for derivatives of C70.4 By now, more than 35 C60(CF3)2n com­
pounds including different isomers with 2n ranging from 2 to 18 
were isolated and structurally characterized by 19F NMR spectro­
scopy and/or a direct method of single crystal X-ray diffraction.3,5 

For the C60(CF3)6 composition, there are four isomers with 
known molecular structures.2,3 While the molecular structures 
of three isomers have been unambiguously elucidated by X-ray 
crystallography, one isomer was only investigated by 19F NMR 
spectroscopy. Its Cs symmetric molecular structure with the so-
called skew-pentagonal-pyramidal (SPP) addition pattern was 
deduced taking into account variable-temperature 19F NMR spectra, 
a high fragmentation degree in the mass spectrum and the similarity 
of the electronic spectrum to those of other C60X6 compounds 
with SPP attachment of six atoms or groups. Here, we report the 
synthesis, isolation and X-ray crystallographic characterization 
of SPP Cs-C60(CF3)6 and discuss its molecular structure and mass 
spectrum.†

A mixture of C60(CF3)2n compounds was prepared by a modified 
two-step synthesis. In the first step, the known S6-C60(CF3)12 was 
obtained by a selective reaction of C60 with gaseous CF3I in a 
glass ampoule at 400 °C, as described in detail elsewhere.6 In the 

second step, a finely ground mixture of S6-C60(CF3)12 and C60 
in a molar ratio of (2–4) :1 was pressed into a pellet and heated 
at 530 °C in a sealed quartz ampoule for 20 min. The reaction 
product appeared as a glossy cake, which indicated the melting 
of the pellet in the course of the reaction. It contained C60(CF3)2n 
(2n = 2–10) with the predominant abundance of compounds with 
n = 4–6 according to MALDI mass-spectrometric analysis per­
formed in the negative ion mode using a Bruker AutoFlex II time-
of-flight reflectron instrument (with DCTB as a matrix material). 
Note that the reaction product did not contain unreacted C60. The 
compound mixture was dissolved in toluene and separated by 
HPLC using a Cosmosil Buckyprep column (10 mm i.d. × 250 mm) 
and toluene (or toluene–hexane mixtures) as an eluent (flow rate, 
4.6 ml min–1), monitored at 290 nm.

Some separated fractions gave small crystals by the slow 
evaporation of the solvent. In other cases, the crystals were 
obtained by recrystallization from other solvent. Single crystal 
X-ray diffraction with the use of synchrotron radiation allowed 
us to confirm the known molecular structures of C60(CF3)4-II,3 
C60(CF3)4O,2,3 C60(CF3)6-III3 (as a solvate with p-xylene),† and 
C60(CF3)10-5.5 Crystals grown from the chromatographic fraction 
eluted at 39.2 min in a toluene–hexane mixture (4:6, v/v) revealed 
the structure of SPP Cs-1,6,9,12,15,18-C60(CF3)6.† The UV-VIS 
spectrum of the compound recorded in toluene is consistent with 
that published.2 

Figure 1 shows the molecular structure and Schlegel diagram 
of 1,6,9,12,15,18-C60(CF3)6. The same SPP addition pattern was 
found previously in C60X6 compounds with X = Cl,7,8 Br9,10 and 
Me.11 The fully ordered structure of SPP Cs-C60(CF3)6 is of 
sufficient quality (esd’s of C–C bond lengths are 0.004–0.005 Å) 
for a detailed analysis of interatomic distances and a comparison 
with the DFT calculated structure,2 as well as other C60X6. Special 
features of the SPP addition pattern are the existence of sp3–sp3 
(ortho) attachment of two CF3 groups and the presence of the 
cis-butadiene-like C2=C3–C4=C5 fragment in the central cage 
pentagon. The experimental sp3–sp3 C1–C9 bond length of 
1.602(4) Å is in excellent agreement with the calculated value 
of 1.603 Å, whereas slight deviations were found for the butadiene-
like fragment with an alternation of double and single C–C 
bonds: 1.333, 1.478, 1.344(4) Å vs. 1.358, 1.479, 1.358 Å in the 
DFT calculated structure.2 Noteworthy, the C1–C9 bond is signi­
ficantly shorter in the C60Br6 molecule, 1.557(4) Å, due to the 
smaller size of Br atoms compared with that of the CF3 group 
thus diminishing the repulsion of addends attached in adjacent 
positions.10 At the same time, the C–C distances in the cis-buta­
diene-like fragment, 1.348, 1.462, 1.351(4) Å, are almost the 
same as those in the CF3 derivative.
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The closest experimental (though less precise) structure of 
SPP Cs-C60Me6 shows similar values of 1.571(9) Å (C1–C9) and 
1.349, 1.460, 1.364(9) Å (C2=C3–C4=C5) because of roughly 
similar sizes of Me and CF3 groups (atoms numbering corresponds 
to that depicted in Figure 1).11 The further similarity concerns 
the lengths of the C(cage)–CX3 bonds with a small but noticeable 
elongation of the distances to C1 and C9 [1.576(5) and 1.553(5) Å], 
as compared to the averaged value of 1.542 Å for four other 
such bonds (to C6, C12, C15, and C18), which are not in adjacent 
positions to one another. The corresponding C–Me distances in 
the methylated derivative are 1.575, 1.552 and 1.533 Å. 

The second molecular structure determined in this work corre­
sponds roughly to the most stable isomer, C1-1,6,11,18,24,27-
C60(CF3)6-III (Figure 1).3 Interestingly, an epoxide compound, 
C60(CF3)6O, with the same attachment of CF3 groups is present 
as an admixture (12%) to C1-C60(CF3)6 in the same crystallo­
graphic site. A similar epoxide-type attachment is characteristic 
of C60(RF)4O with RF = CF3 and C2F5.2,3 

The negative-ion MALDI mass spectrum of SPP Cs-C60(CF3)6 
contains the peaks of C60(CF3)6

– molecular and C60(CF3)5
– frag­

ment ions of close intensities, as well as that of a metastable ion 
corresponding to the loss of a CF3 group in the field free region 
of mass analyzer (Figure 2). The latter is indicative of the fragment 
origin of the C60(CF3)5

– ion. This high degree of fragmentation is 
untypical of the MALDI mass spectra of trifluoromethylated C60 
and C70 fullerenes with 2–10 attached CF3 groups.12 However, 
the positive ion spectrum contains only the molecular ion peak, 
the fragment ones being almost absent, which is quite usual for 
lower trifluoromethylated fullerenes. A similar phenomenon 
was observed in the negative-ion APCI mass spectrum of SPP 
C60(CF3)6, which was qualitatively explained by the formation of 
a stable C60(CF3)5

– anion with the cyclopentadienide structure.2

To account quantitatively for the high fragmentation degree 
of SPP Cs-C60(CF3)6 in MALDI mass spectra, the minimum 
energies of ion dissociation with the loss of a CF3 group were 
calculated by the DFT method at the PBE/TZ2P level.13,14 These 
calculations were performed for the cations and anions of SPP Cs 
and C1 isomers [1,6,9,12,15,18- and 1,6,11,18,24,27-C60(CF3)6, 
respectively].2 In the case of the SPP C60(CF3)6

– anion, the 
minimum dissociation energy was extremely low (0.9 eV), whereas 
in other cases the values (1.8–2.0 eV) were insignificantly lower 
than the average C60(cage)–CF3 bond energies (2.1–3.0 eV).15 
The loss of a CF3 group by SPP C60(CF3)6

– with a minimum 
energy corresponds to the detachment from the C1 position (i.e., 
the break of the most elongated C–CF3 bond) resulting in a 

C5v‑C60(CF3)5
– fragment anion, which possesses the stabilizing 

aromatic ring of the cyclopentadienide type (see Figure 2). Thus, 
it is the structural feature of SPP Cs-C60(CF3)6 that causes a high 
fragmentation degree in its negative-ion MALDI mass spectrum.

In summary, the reaction between S6-C60(CF3)12 and C60 in a 
quartz ampoule produces C60(CF3)n with the predominance of com­
pounds with n = 4–6. HPLC separation followed by X-ray diffrac­
tion study resulted in the structure determination of Cs-C60(CF3)6 
with the skew-pentagonal-pyramidal addition pattern. According 
to quantum chemical calculations, the low energy of detachment 
of one CF3 group is the reason for the high fragmentation degree 
in the negative-ion MALDI mass spectrum.
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Left: two views of the SPP Figure  1  Cs-C60(CF3)6 molecule. Thermal 
ellipsoids are given with 50% probability. Right: Schlegel diagrams of SPP 
Cs-C60(CF3)6 (top) and C1-C60(CF3)6O (bottom). Black circles denote the 
positions of attached CF3 groups. Epoxy compound co-crystallized with 
C1‑C60(CF3)6-III possessing the same attachment of CF3 groups.
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Negative-ion MALDI mass spectrum; the peak of a metastable Figure  2 
ion is marked by an asterisk. Schlegel diagram shows the structure of the 
C5v-C60(CF3)5

– fragment ion.




