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Introduction 

It is known that fullerene production by arc-
discharge process results in the formation of C60 
and C70 as most abundant components and also a 
large number of higher fullerenes, though in small 
quantities.  Investigations in the field of higher 
fullerenes are significantly hampered not only due 
to small amounts of material available, but also 
because of the existence of isomers for each higher 
fullerene. The number of isomers obeying the 
Isolated Pentagon Rule (IPR) is rapidly growing 
with increasing number of carbon atoms in the 
fullerene cage. While both C60 and C70 have only 
one IPR isomer each, for next most abundant 
fullerenes such as C76, C78, and C84 may exist, 
respectively, 2, 5, and 24 IPR isomers. Due to 
difficulties in isolation of individual isomers of 
higher fullerenes, the studies of their chemical 
reactivity are in their infancy. 

In this work, the results of synthesis, isolation 
and structural characterization of trifluoromethyl 
derivatives of D2-C76 are presented. Some features 
of addition patterns with 14 – 18 attached CF3 
groups are discussed and compared with the data 
from literature.  

 
Results and discussion 

A mixture of higher fullerenes containing also 
C60 and C70 (MER Corp.) was used as starting 
material in this work. 15 mg higher fullerene 
mixture reacted with CF3I in a sealed ampoule at 
380-400 ºC and reagent pressure of ca. 6 bar for 
50-100 h. CF3 derivatives formed were sublimed 
into the colder part of the ampoule. According to 
mass spectrometric MALDI analysis with the use 
2-[(2E)-3-(4-tert-Butylphenyl)-2-methylprop-2-
enylidene]malononitrile (DCTB, ≥99%, Fluka AG) 
as matrix, the reaction product (ca. 28 mg) 
contained a wide variety of trifluoromethyl 
derivatives of C60, C70, and C76 – C96 with 12 – 20 
attached CF3 groups. The sublimed Cm(CF3)n 
mixture was dissolved in hexane and subjected to 
HPLC separation with the use of a WATERS 1500 
chromatographic system, a Cosmosil BuckyPrep 
column (10×250 мм, Nacalai Tesquе Corp.) and 
hexane as the eluent. A chromatogramm of the 
mixture is presented in Figure 1. The position of 
fractions eluted between 3 and 25 min containing 

C76(CF3)n compounds with n = 12 – 18 as main 
component are shown.   Slow concentration of four 
separated fractions with elution time of 3.8, 4.0, 
6.2, and 11.4 min afforded crystalline materials. 
Crystal and molecular structures of C76(CF3)n 
compounds with 14, 16, and 18 attached 
trifluoromethyl groups were determined by single 
crystal X-ray diffraction with the use of 
synchrotron radiation (BL14.2, PSF, BESSY, 
Berlin, Germany).  

 
Fig. 1. Chromatogramm of the Cm(CF3)n 

mixture recorded in hexane. Arabic figures denote 
the number of attached CF3 groups for fractions 
containing predominantly C76(CF3)n. Roman 
numerals denote a consecutive number of isomer 
with known structure.  

 
The results obtained in this work can be 

compared with the data from literature concerning 
the composition of C76(CF3)n compounds formed 
by reaction of D2-С76 in a flow reaction with CF3I 
at 520 ºС, i.e. at lower pressure of the reagent  
(ca. 1 bar). It should be noted that in the latter case 
the compounds with lower number of attached CF3 
groups (from 6 to 12) have been obtained. Some 
suggestions concerning molecular structures of 
these compounds have been made on the basis of 
19F NMR spectra [1]. The compounds obtained in 
our ampoule syntheses under higher CF3I pressure 
and for much longer reaction time contain as many 
as 12 – 18 attached groups. X-ray crystallographic 
structure determination of C76(CF3)n isomers has 
been performed for the first time in this work.  

Structures of the four C76(CF3)n isomers with  
n = 14, 16, and 18 (two isomers) denoted as  
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76-14-I, 76-16-I, 76-18-I, and 76-18-II, are shown 
in Fig. 2 as Schlegel diagrams. As was to be 
expected, all the four isomers are the derivatives of 
D2-C76. Taking into account the addition patterns, 
four isomers can be divided into two groups. In 
isomers 76-16-I and 76-18-I, CF3 groups are 
attached on the C76 fullerene cage in the positions, 
where junction of one pentagon and two hexagons 
occurs (PHH positions). Addition patterns of  
76-14-I and 76-18-II also contain correspondingly 
one and two  

 

 
 

Fig. 2. Schlegel diagrams of the CF3 
derivatives of D2-C76. Pentagons are highlighted 
with grey. Black circles denote the positions of 
CF3 attachments. 

 
CF3 attachments in the positions of triple hexagon 
junctions (HHH or THJ). The latter type of 
addition has not been observed in derivatives of 
higher fullerenes and it has been regarded as 
practically impossible. Earlier, attachments of this 
type have been only found in the structures of two 
C70F38 isomers [2, 3]. 

It turned out that isomers 76-16-I and 76-18-I 
possess similar addition patterns in that 14 CF3 
groups are attached in the same positions on the 
D2-С76 cage. Therefore, it could be assumed that 
76-16-I is a precursor of 76-18-I at its formation in 
the course of trifluoromethylation, if 
rearrangement of only two groups on the fullerene 
cage is allowed to proceed [4].  

76-14-I and 76-18-II isomers have eight 
attachment positions of CF3 groups in common 
including one attachment in the THJ position. It 
can be suggested that attachment of a large number 
of such bulky groups as CF3, some less 
energetically favorable (overcrowded) addition 
patterns are realized. This is the case for 1,2 
addition as in the isomer 76-18-I or for addition in 
triple hexagon junction as in the structure of  
isomer 76-18-II.  

 
Conclusions 

Interaction of fullerene mixture with CF3I in 
ampoules results in the formation of a complex 
mixture containing several dozens of CF3 
derivatives of C60, C70, and higher fullerenes. Their 
separation by means of HPLC allowed us to isolate 
four individual CF3 derivatives of D2-С76, 
C76(CF3)n with n = 14 – 18, and, finally, to 
determine their molecular structures. Two 
C76(CF3)n isomers are characterized by the 
presence of CF3 groups attached in THJ positions 
that has been observed for the first time.  
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