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Since their discovery in 1985, fullerenes have attracted a lot of interest due to its unique 

properties and its potential application in several fields. In the last years a huge effort 

has been done in order to predict the stability of fullerene isomers because only a few of 

them are stable among more than 100000 available isomers for a medium size fullerene 

[1]. However, there is still not a complete understanding of the importance of local 

effects in the stability of these fullerenes and if they can be identified by some structural 

patterns or motifs. The well-known Isolated Pentagon Rule (IPR) says that in a fullerene 

the pentagons needed to close the cage should be as separated as possible in order to 

have a stable structure. However, many cases regarding endohedral and exohedral 

fullerenes have been found that do not follow this rule. This is the case of one isomer of 

C64Cl4(1911) with four chlorine and hydrogen atoms in the three fused-pentagons 

founded experimentally some years before [2,3]. 

This STSM allowed us to benefit from the expertise of Dr. R. W. A. Havenith in the 

University of Groningen in the calculation of ring currents and evaluation of aromaticity 

and antiaromaticity to interpret new results in terms of local ring currents.  

The first task of this STSM was to develop some program to plot current density vector 

potential in three dimensions to better understand the aromatic and antiaromatic 

behavior of 3-dimensional molecules such as fullerenes. This plotting program uses the 

ring current calculations obtained from SYSMO program. After that, a family of 

exohedral fullerenes was studied in terms of ring current calculations to understand why 

C64(1911) cage, with a C3 axis of symmetry, becomes stabilized when it is chlorinated 

with 4 atoms in the 3 fused-pentagons motif.  

We first optimized all structures with Gaussian using 6-31g** basis set that were 

previously generated with CaGe program. After that, the current density was calculated 

for C64 and C64X4 being X=H, F and Cl in a grid with points in a surface of the fullerene 

cage based on the C-C bonds electron density. The surface was generated with several 

surfaces of different contour values from 0.2 to 0.05.  

The current density calculations performed with SYSMO program [4] were obtained 

with the Continuous Transformation of Origin of Current Density-Diamagnetic Zero 

(CTOCD-DZ) method which allows the partition of the current density into additive 

separate orbital contributions allowing a better physical understanding [5]. For the 

calculation of the current density we first need the Kohn-Sham orbitals that were 

obtained with GAMESS-UK program [6,7] at BLYP/6-31G* level of theory. 

The results of the π-current density for C64 and C64Cl4 are depicted in Fig. 1. The 

current density for both systems is completely different. In the case of C64 a strong 

paramagnetic current in the outer part surrounds the fullerene and the 3-fused pentagons 

motif. However, in the C64Cl4 we find both paratropic and diatropic contributions of 

lower intensity. The addition of the chlorine atoms seems to affect aromaticity. 



                   

 

Figure 1: C64 (left) and C64Cl4 (right) π-current density. Outer and inner arrows depicted in green and blue 

respectively. The magnetic field is pointing in the x direction. The clockwise circulation is paramagnetic 

and the anticlockwise circulation is diamagnetic when the magnetic field is pointing up.  

We have performed also ring current calculations on the other systems C64H4 and C64F4 

and the behavior is completely the same as in C64Cl4. So the nature of the added atom 

does not affect the ring current density pattern. Moreover, the magnetic field was set in 

other directions different from the axis of symmetry. Although the behavior was 

different respect to the magnetic field in the x-axis, no differences were found between 

C64 and C64Cl4 ring current patterns. 

A more detailed study was done for molecules in Fig. 1 in terms of its orbital 

contributions and excitations and orbital analysis. The results showed that for C64 there 

is a main excitation that contributes strongly to the paratropic circulation that is the 

HOMOLUMO transition. For the C64Cl4 many smaller paratropic and diatropic 

contributions are responsible of the total π-current density.  

This work is still not finished but it has opened a new way of visualization of ring 

currents that permits to understand better this phenomenon in fullerenes and other 3-

dimensional molecules. 
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Collaboration with the group in the University of Groningen has started thanks to this 

STSM. Once the results were finished, this work will be submitted to publication.  
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