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Introduction  

In recent years fullerene-based materials have 
brought up steadily increasing attention both in 
academic and industrial researches. It is of great 
interest to use fullerenes and fullerite not only by 
itself but also as modified derivatives, that enhance 
the properties of fullerenes and extend the 
application possibility. The development of new 
methods of fullerene derivatives synthesis and 
study of their physical and chemical properties are 
of importance for making new functional 
materials. Recent developments suggest that 
fullerene-based materials could be successfully 
used in a wide range of areas such as IT devices, 
solar cells, clinical diagnostics, pharmaceuticals, 
environmental and energy industries. It seems 
interesting to study the electron-optical properties 
of photoactive fullerene C60-based molecular 
complexes characterized by a high quantum 
efficiency of charge transfer and long-lived charge 
separation [1]. However, in the case of  
Van-der-Waals complexes the problem of 
rotational disorder of the C60 molecules arises. It 
makes diffraction researches of such compounds 
difficult reducing structure determination accuracy 
for such materials. The modeling of material 
structure may be used in addition to or instead of 
direct study in such cases. In present paper we 
report results of computer simulation of electronic 
structure of the molecular complexes – fullerene 
C60 and donors: a) TMPDA (N,N,N’,N’-tetramethyl-
p-phenylenediamine), b) LMG (Leucomalachite Green 
(4,4’-benzylidene (N,N- dimethylaniline)), c) LCV 
(Leuco Crystal Violet (4,4’,4”-methylidynetris  
(N,N-dimethylaniline)), d) Bz4BTPE (tetrabenzo  
(1,2-bis[4H-thiopyran-4-ylidene]ethene)). 
 
Results and discussion  

Density functional theory (DFT) calculations 
were performed using the Gaussian 03 program 
[2]. Electronic structure were calculated B3LYP 
(hybrid functional - Becke`s three-parameter 
formulation [3] and gradient corrected correlation 
functional - Lee, Yang and Parr [4]) with the 
6-311++g(d,f) basis set. Tight SCF convergence 
criteria (10-6-10-8 a.u.) were used for all 
calculations. 

Fig. 1 shows the modeling results of molecular 
complexes consisting fullerene and donor 
molecules. Results of simulation correspond to the 
X-ray diffraction data of fullerene molecular 
complexes with volume donor which show that 
molecules of the donor are bent. The curving of a 
skeleton of the donor provides the best coverage of 
the donor to a spheroidal molecule С60. It allows 
increasing number energetically favorable  
Van-der-Waals contacts [5]. 

 

 
 
Fig. 1. Visualization of modeling results for 

molecular complexes consisting fullerene and 
donor molecules: a) TMPDA·C60; b) LMG·C60; 
c) LCV·C60, d) Bz4BTPE·C60. 

 
Computer modeling of С60, Bz4BTPE·С60, 

LMG·C60, LCV·C60 and TMPDA·C60 molecules 
electronic structure based on non-empirical 
B3LYP/6-311++g(d,f) calculations allowed to 
define molecular orbitals energy E. Fig. 2 shows 
calculated E-spectra for C60, donor molecule and 
complex near Fermi level. According to Fig. 3 all 
complexes have energy spectrum typical for 
semiconductors with band-gap ΔЕ = 1.265-1.731 eV.  
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For the donor isolated molecules ΔЕ = 2.9-4.7 eV 
that considerably exceeds (on 1.2-3.2 eV) the same 
parameter for the molecular complex. The  
HOMO-LUMO gap for investigated complexes is 
less than for fullerene C60 molecule. 

 

  
 
Fig. 2. E-spectrum MO’s of fullerene C60, 

molecular complexes and donors. 
 

Comparison of C60, TMPDA·C60, 
LMG·C60, LCV·C60 and Bz4BTPE·С60 energy 
spectra in UV-Vis range indicates that molecular 
complexes have more fine electronic structure than 
the isolated fullerenes C60 and the donor 
molecules. Displacement and increase in number 
of lines in the spectra of molecular complexes in 
comparison with the spectra of individual C60 and 
the donor molecules take place. 

Main causes of distinctions in spectra of 
complexes and the isolated molecules connected 
with significant increase in number of optical 
transitions and their shift in the molecular complex 
forming process. There are two reasons of such 
changes. The first, distortion of C60 skeleton 
geometry in complexes leads to the symmetry 

reduction that effects on selection rules and the 
intermolecular excitation energy (shift and splitting 
of valence and unoccupied levels being 
degenerated for C60 with Ih-symmetry). The 
second, in the complexes molecular orbitals are 
formed due to the π-electrons of phenyl fragments 
of Bz4BTPE, LMG, LCV donors or TMPDA 
benzene ring in contrast to individual molecules. 
Electrons of phenyl rings carbon atoms participate 
in valence orbitals forming process due to rings 
considerable deviation from the initial position in 
individual donor molecule (Fig. 1). As a result of 
donor molecule skeleton bend takes place more 
dense contact with spherical C60  molecule. It leads 
to appearance of additional transitions between 
nearby molecular orbitals of C60 and donor 
molecules. 

 
Conclusions 

Thus, it can be successfully used for research 
and working out in detail of electronic and 
molecular structures of fullerene-based materials. 
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