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Introduction
The main problem hindering the application of accurate methods to large species arises from a high scaling of required 
computational resources. The fragmentation methods are based on an idea of the fragmentation of the molecule into small 
overlapping fragments and the representation of the energy and other molecular properties as a sum of fragments’ energies with 
positive or negative weights[1,2]. An important consideration in fragmentation-based methods, and in composite methods in general, 
is how to satisfy the valences of a broken bond in the calculation of a model subsystem. In general, a hydrogen atom is placed along 
the vector of the broken bond, but this procedure works only when a single bond is broken. Because of this, most fragmentation 
methods start by identifying each individual link in the system and then deciding where to cut single bonds to form fragments. In 
polycyclic aromatic hydrocarbons (PAHs), each carbon-carbon bond has a bond order greater than one, making it impossible to 
avoid cutting a "multiple bond" [2].
Previous approaches for fragmentation of large PAHs have been implemented in the different frameworks (molecular tailoring 
approach (MTA), kernel energy method (KEM), molecular fractionation with conjugate caps (MFCC)) and rely on generating large 
fragments to circumvent the effects of disturbing aromaticity [3]. However, neither of these is a systematic approach which is able to 
be applied on a large class of PAHs and usually they produce really big fragments, therefore they are not applicable on fullerene 
structures [4]. 
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Method

1) We present a novel algorithm which starts from the geometry 
of the PAH compound, from which all possible fully aromatic 
segments like naphthalene, pyrene, corannulene, coronene 
and etc. are extracted (the list of allowed fragments is 
predefined)

2) At the end, weights of each fragment are calculated 
according to the symmetry and stoichiometry of the PAH 
molecule. For instance, when applying this algorithm to C60, 

twelve corannulene molecules with weight equal to 2/3 and 
thirty naphthalene molecules with weight equal to -1/3 are 
produced at third level of fragmentation. The same algorithm 
can be applied to carbon nanotubes and graphene sheets. 

 The HF part of the interaction energy can be easily obtained even 
for large molecules, without any fragmentation.

 We propose a hybrid approach, which consists of a calculation of  
the HF interaction energy for the whole complex and of  making use 
of the fragmentation in order to obtain the electron correlation 
energy only.

Results and discussion

 We calculated the interaction energy of several small molecules 
inside C60 and C70 (Fig. 2).

 With symmetry-adapted perturbation theory (SAPT), where 
monomers are treated at the Hartree-Fock (HF) level (the so-
called SAPT0), it turns out that the scheme reproduces the 
second-order dispersion contribution very accurately,  with 
relative errors less than 2%.

  On the other hand, the SAPT0 components which 
asymptotically correspond to the supermolecular HF interaction 
energy are reproduced with somewhat larger errors, e.g. the 
second-order induction gives errors of up to 10%. 

Overally, the error resulting from the HF interaction energy 
amounts to up to 20%.
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