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ABSTRACT 

Fullerenes with pentagons, hexagons, and heptagons are considered.  The type of boundary of heptagonal rings is 

studied; reported results show that the boundary is composed by pentagons, hexagons, and also, heptagons. 
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1.    INTRODUCTION 

According to Fowler and Manolopoulos [1], classical fullerenes are those carbon cage molecules with exactly 12 

pentagons and n/2 - 10 hexagons. All classical fullerenes satisfy the so called isolated pentagon rule IPR, Kroto [2]. 

On the other hand, nonclassical fullerenes are those carbon cage molecules, such that one or more squares or 

heptagons, appears. In this last case, sometimes pentagon-pentagon adjacencies are observed, and the most stable 

structure are related with the least pentagon-pentagon adjacencies, which is known as the pentagon adjacency 

penalty rule PAPR, Campbell et al [3]. Work has been done to study nonclassical fullerenes; for example, Ayuela et 

al [4] show theoretical evidence for the existence of a nonclassical fullerene C62 with one heptagonal, 13 pentagonal 

and 19 hexagonal rings. Jie An et al [5] studied the isomers of fullerene C26  composed of square, pentagonal, 

hexagonal, and heptagonal faces. Also, Tchoffo et al [6] present fullerenes with square and octagonal faces. 

Furthermore, Li-Hua Gan et al [7] study fullerenes C46, C48, C50, and C52, some of them composed of one heptagonal 

ring. Finally, D.-L. Chen et al [8] study fullerene C58. 
 

 

2.    BACKGROUND 

Previously, it was presented a study, Sánchez-Bernabe et al [9] considering the type of neighbours that an 

heptagonal ring may present: the first example contains 68 carbons with two heptagonal rings, Figure 1, and also 14 

pentagons, completed with 20 hexagons.  

 

 
Fig 1  Fullerene with 68 carbons, 2 heptagons, 20 hexagons, and 14 pentagons 
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One heptagon is surrounded by 4 pentagons next to each other, and one pentagon lies between 2 hexagons. The 

other heptagonal ring is surrounded by a couple of pentagons, which lies between two hexagons, this border is 

completed by one  hexagon in the middle of 2 pentagons.  

The second example has 80 carbons, with three heptagons, 15 pentagons, and 24 hexagons. Here, the structure of the 

pentagons and hexagons surrounding each one of the 3 heptagonal rings follows one of the patrons of the 68 carbons 

fullerene.  

The next example of nonclassical fullerene contains 82 carbons with four hexagonal rings, 16 hexagons, and 23 

hexagons; nothing new apears in the structure of pentagons and hexagons next to the heptagonal rings.  

The fourth example has 76 carbons with six heptagons, 18 pentagons, and 16 hexagons. This fullerene present two 

new cases: a couple of pentagons, then a hexagon, followed by another couple of  pentagons, and the boundary of 

this heptagonal ring is completed by 2 hexagons next to each other. We observe another type of boundary 

surrounding a heptagonal ring: a couple of hexagons, which lies between two pentagons; this border is completed by 

one pentagon in the middle of 2 hexagons.  

The next example of fullerene contains 64 carbons with five heptagonal rings, 17 pentagons, and 12 hexagons. Also, 

we have a new case: each one of two heptagonal rings are surrounded by 6 hexagons and only one hexagon.   

Finally, we consider a fullerene with 42 carbons, two heptagonal rings, 14 pentagons, and 7 hexagons. Here the 

heptagons are bounded by 7 pentagons.      
 

 

3.    CALCULATIONS 

We present three new cases of boundary surrounding a heptagonal ring. The first one corresponds to a nonstandard 

fullerene with 102 carbons, Figure 2; here, one heptagonal ring is surrounded by another heptagon, which lies 

between two couples the hexagons, and this border is completed with a couple of pentagons. 

 

 
 

Fig 2 Fullerene with 102 carbons; one heptagon meets another one. 
 

 
The second example concerns to a nonstandard fullerene with 200 carbons, Figure 3; there, we have new cases of a 
heptagonal ring which meets another one: clockwise, another heptagonal ring, then four hexagons, and finally a 
couple of pentagons. The second case is the following, described clockwise, too: a heptagonal ring, then a hexagon in 
the middle of two pentagons, and this border is completed by 3 hexagons. The most interesting feature of this 200 
carbons fullerene is that the heptagon ring common to the two heptagons mentioned previously, has the following 
boundary: a pentagon in the middle of 2 heptagons, and the border is completed by four hexagons. 

The last example corresponds to a fullerene with 106 carbons, Figure 4. Another two cases of a heptagon meeting 

just another one appear. The first one is as follows: a heptagonal ring in the middle of two hexagons and the border 

is completed by four pentagons. The other case is described clockwise: a heptagonal ring, then three pentagons, and 
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finally, a pentagon in the middle of two hexagons. To generalize the case described in the 200 carbons fullerene, 

where a heptagonal ring meets another two heptagons; here, in this 106 carbons fullerene, a heptagonal ring meets 

three pentagons in the following way: a couple of pentagons in the middle of two heptagons, and this boundary is 

completed by the third heptagon in the middle of two hexagons.  

 

 

 
Fig 3 Fullerene of 200 carbons, one heptagon meets another two. 

 

 

We have obtained the graphs of our results by running the V0.3 version of (Carbon Generator) CaGe software, 

Gunnar Brinkmann  et al [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 4 Fullerene of 106 carbons, one heptagon meets another three. 

 

 

4.    CONCLUSIONS 
Three new cases of the type of boundary that a heptagonal ring may present in a nonstandard fullerene have been 

constructed. In previous work, just pentagons, and hexagons were reported as part of the border of heptagons. These 



IJRRAS 22 (1) ● January 2015 Bernabe & Salcedo ●  Classification of Fullerenes 

 

 

30 

 

chains of pentagons, and hexagons present different structures: it appears isolated pentagons, couple of pentagons, 6 

pentagons, or even a boundary of a heptagonal ring formed by 7 pentagons. 

 
In the nonstandard fullerene with 106 carbons, as it was described before, one heptagonal ring meets another three 

heptagons, in such a way that the boundary of two of them contains a chain of three pentagons next to each other, 

and the third heptagon has at its border a chain of four pentagons. By the way, four pentagons next to each other, 

also are part of the boundary of the heptagon observed at C62 that was reported by Ayuela et al [4]. 

 

 

5.    ACKNOWLEDGEMENTS 
The authors thanks Berenice Sánchez and Óscar del Valle for installation of CaGe software. 

 

6.    REFERENCES 
[1] Fowler P. W., Manolopoulos D. E. An Atlas of Fullerenes. Clarendon Press, Oxford (1995). 

[2] Kroto H. W., The stability of the fullerenes Cn with n = 24, 28, 32, 36, 50, 60 and 70, Nature. 329, 529-531 

(1986). 

[3] Campbell E. E. B., Fowler P. W., Mitchell D., Zerbetto F., Increasing Cost of Pentagon Adjacency for Larger 

Fullerenes, Chem. Phys. Lett.. 250, 544-548 (1996). 

[4] Ayuela A, Fowler P W, Mitchell, Schmidt R, Seifert G, Zerbetto F,  C62: Theroretical Evidence for a 

Nonclassical Fullerene with a Heptagon Ring, J. Phys. Chem.  100, 15634-36 (1996)  

[5] An J., Gan L.-H., Zhao J.-Q., Li R., A Global Search for the Lowest Energy Isomer of C26, J. Chem. Phys. 132, 

154304 (2010). 

[6] Tchoffo F., Zekeng S., Ndjaka J.M., New Nonclassical Fullerenes with Mixed Square and Octagonal Faces, Int. 

J. of Research and Reviews in App. Sciences,  18 (3), 231-235 (2014) 

[7] Gan L.-H., Zhao J.-Q. and Hui Q., Nonclassical Fullerenes with a Heptagon Violating the Pentagon Adjacency 

      Penalty Rule, J. Comp.Chem.. 31, 1715 (2010). 

[8] Chen D.-L., Tian W. Q., Feng J.-K., Sun C.-C., Structures, Stabilities, and Electronic Optical Properties of C58 
Fullerene Isomers, Ions, and Metallofullerenes, ChemPhysChem.. 8, 1029-1036. doi: 10.1002/cohc.200600785  

(2007). 

[9]  F.J. Sánchez-Bernabe, B.Salcedo, and J. Salcedo, “On some examples of fullerenes with heptagonal rings”, Int. 

J. Reserch and Reviews  in App. Sciences, vol. 14, pp. 498-505, March 2013. 

[10] Brinkmann G., Delgado O., Friedrichs S., Lisken A., Peeters A., Cleemput N. V., A virtual environment for 

studying some special classes of plane graphs - an update, Match Comm. Math. Comp. Chem.. 63, 533 (2010). 

 

 

 

 


