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The experimental value of the hindered rotation 
barrier (ΔН≠) in hexachloroethane is of 10.8 kcal mol–1 

in favor of the staggered conformer [1, 2]. On the other 
hand, nanosized objects may affect physical and 
chemical characteristics of the encapsulated molecules, 
and can greatly change the properties of the latter                
[3–6]. 

In particular, it has been recently shown that for 
ethane encapsulated into а nanotube the potential 
energy minimum of the internal rotation corresponds 
the eclipsed conformation, but not the staggered form 
as in a free molecule [7]. In this work, the internal 
rotation barrier of hexachloroethane molecules encap-

sulated into fullerene C80 sphere was estimated for the 
first time, using the DFT-PBE/3z method (PRIRODA 
package [8]). 

The results indicated that the applied computational 
method overestimated the relative stability of the stag-
gered conformer of hexachloroethane by 2 kcal mol–1. 
However, the calculated geometry parameters of the 
hexachloroethane molecule, such as C–C and C–Cl 
bonds lengths (1.590 and 1.792 Å, respectively) and 
ССCl bond angle (109.9°) were in satisfactory agree-
ment with the experimental data (1.564 Å, 1.759 Å, 
110°, respectively [9]). 

The internal rotation parameters (kcal mol–1,                
cal mol–1 K–1) are given below. 
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At the same time, the energy parameters of the 
internal rotation of hexachloroethane encapsulated into 
fullerene are significantly changed. The relative 
stability of the staggered form was increased by 3.2–
3.4 times as compared with that of the isolated С2Cl6 
molecule. The C–C bonds in the staggered and 
eclipsed forms of the encapsulated hexachloroethane 
(1.431 and 1.444 Å, respectively) were significantly 
shorter as compared with the isolated molecule 
parameters (1.590 and 1.686 Å, respectively). 
However, the order of the C–C bond changed only 
slightly: 1.06 and 0.96 for the staggered and eclipsed 
conformers encapsulated in fullerene and 0.98 and 
0.99 for the isolated molecule, respectively. In 
addition, both forms of the hexachloroethane molecule 
in the fullerene cavity acquired a small negative 
(staggered form, –0.2193) or positive (eclipsed 
conformation, 0.1750) charge, although the whole 
fullerene – hexachloroethane system was electrically 
neutral. Noteworthily, unlike the isolated С2Cl6 case, 
the Hessian matrix of the fullerene containing the 
staggered form of hexachloroethane contained one 
imaginary frequency corresponding to rotation of the 
encapsulated molecule as a whole. At the same time, 
the Hessian matrix of the C80 – eclipsed form of С2Cl6 
system, as in the case of isolated molecule, led to the 
expected imaginary frequency corresponding to the 
rotation around the C–C bond of hexachloroethane. 

Thus, unlike the ethane molecule in the nanotubes 
[7], the relative stability of the staggered form of 

hexachloroethane encapsulated into fullerene increased 
sufficiently. The results indicated that in the frame of 
the applied model, a kind of force field was generated 
inside the fullerene, that drastically changed the 
conformational properties even in the case of a 
relatively simple molecules. 
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