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Introduction 

In accordance with the concepts developed in  
[1], fullerene C60 dissolution in aromatic 
hydrocarbons occurs by the mechanism of 
intermolecular interaction with charge transfer that 
gives rise to a donor-acceptor complex of a π-type. 
The π-electron donors are also aliphatic and 
alicyclic saturated hydrocarbons containing atoms 
with an unshared pair of p-electrons (UPE). 
Therefore it is logical to suppose that C60 
dissolution in these compounds also proceeds as 
intermolecular interaction with charge transfer. 
This is supported by the fact that fullerene C60, 
which is practically insoluble in aliphatic and 
alicyclic hydrocarbons, starts to dissolve when 
hydrogen in the compound is substituted for a 
halogen atom [2-4]. 

 
Results and discussion 

The literature review shows that electron 
donor properties of halogen derivatives of 
hydrocarbons with a С(sp3)–X bond, where Х = Cl, 
Br, I, have not been studied systematically. 
Therefore the present work is focused on the 
comparative investigation of C60 solubility with 
physical and chemical properties of halogen 
derivatives of carbons and halogen atoms using C60 
solubility in these compounds as a measure of their 
donor force. The objectives of the comparison are 
1 - to evaluate electron donor properties (EP) of an 
unshared pair of electrons on the halogen atom 
bonded with carbon that is in a sp3-hybrid state; 2 – 
to determine the type of EP dependence on 
physical parameters of the compound and halogen 
atoms; 3 – to compare EP of benzyl halides and 
benzene halides. 

Alkane halides, СnH2n+1X; cycloalkane 
halides, С6Н11–Х; arene halides with a halogen 
atom in the side chain, Ar–CnH2n–X belong to the 
halogen derivatives of hydrocarbons. 

Monohalogen derivatives have significant 
dipole moments evidenced of the С(sp3)–Х bond 
polarity. The electron density by a σ-bond is 
shifted towards a halogen according to its 
electronegativity. Negative charge on the halogen 
atom increases in the row: –I < –Br < –Cl < –F. 

Therefore it is advantageous to expect that  
π-electron donor force and, consequently, C60 
solubility grow in the same direction. However, it 
is not the case. The C60 solubility and, 
consequently, UPE donor force increase in the 
opposite order, i.e. in the row: –Cl < –Br < –I. 

The order of C60 solubility enhancement in 
the row of substituents –Cl < –Br < –I is 
independent of organic residue. A strong 
enhancement of C60 solubility with increasing 
number of halogen atoms in a molecule is observed 
in Table 1. 

 
Table 1. Fullerene C60 solubility in halogen 

derivatives of hydrocarbons with a С(sp2)–Х bond, 
where  Х= –Cl, –Br, –I, R= –CH3. 

 

C60 solubility, 
mg·ml–1 Formula of the 

compound  X = Cl X = Br X = I 
2-X-propane 0.01 0.03 0.11 
1-X-propane 0.02 0.05 0.17 

2-X-2R-propane 0.01 0.06 0.23 
1-X-2R-propane 0.03 0.09 0.34 

1, 3-di-Х-propane 0.12 0.40 2.77 
1, 2, 3-tri Х-

propane 0.64 8.31 – 

Cyclohexyl–Х 0.53 2.20 8.06 
Benzyl halogenide 2.46 4.94 – 

 
The C60 solubility and electronegativity of 

halogen atoms are related by the linear inverse 
dependence (see Table 2). The inverse dependence 
is also observed between C60 solubility and 
ionization energy for the compounds with  
C(sp3)–X bonds. 

In considering C60 solubility, arene halides, 
which have a halogen atom in the side chain, i.e. 
benzyl halides take a special place. In these 
compounds a halogen is bound with a sp3-hybrid 
carbon. Therefore, this compound can show the 
electron donor ability due to, firstly, an UPE 
halogen and, secondly, the π-electron system of a 
benzene core. 

 



 613

Table 2. Dependence of fullerene C60 
solubility in halides with С(sp3)–X and С(sp2)–X 
bonds on electronegativity of halogen atoms (χ, eV). 
 

C60 solubility, 
 mg·ml–1 

Solvents  Fluorine 
χ = 4,00 

Chlorine 
χ = 3,00 

Bromine
χ = 2,85

Iodine
χ = 2,44

С(sp3)-Х 
bond 

    

Cycloalkan
e 

halides  

– 0,53 2,20 8,06 

Benzyl 
halide  

– 2,46 4,94 – 

1,2,3-tri-Х-
propane 

– 0,64 8,31 – 

     
С(sp2)-Х 

bond 
    

Benzene 
halides  

1,20 5,7 4,6 2,1 

 
The first variant is supported by the higher C60 

solubility in benzyl bromide than in benzyl 
chloride. The second variant is supported by the 
fact that benzyl halides are characterized by the 
reaction of hydrogen electrophilic substitution in 
the benzene ring. For these compounds, the centre 
of electrophilic reagent attack is a π-electron 
system of a benzene core. 

 
Conclusions 

The above results have shown that the 
regularity of fullerene C60 dissolution in 
hydrocarbons containing a halogen atom depends 
on the hybridization form, sp3or sp2 in which a 
carbon atom is and with which a halogen atom is 
bound. For both cases, π-electron donor ability of 
halogen derivatives of hydrocarbons is due to the 
presence of an UPE on the halogen atom. However the 
mechanisms of p-electron transfer from the halogen 

derivatives of hydrocarbon to the electron deficit C60 
molecule are distinguished. In the first case, a halogen 
is bound with a sp3-hybridized carbon atom; this is an 
intermolecular process in which p-electrons are drawn 
off directly from a halogen atom by an electronophilic 
C60 molecule.  

 
In the second case, benzene halides, in which 

a halogen atom is bound with a sp2-hybridized 
carbon, the electron transfer process is 
intramolecular; an UPE of a halogen, due to its 
positive mesomeric effect, increases the π-electron 
system density of a benzene core. This system is a 
reagent to transfer a charge to the electron deficit 
reagent. 

In is logical to supposed that the observed 
distinctions in dependences of the C60 fullerene 
solubility on the electronegativity of a halogen and 
the ionization potentials of halogen derivatives of 
hydrocarbons are related to the differences in the 
mechanisms of electron density transfer from the 
UPE to the electron deficit reagent. 

Also, the importance of this question is that until 
the present day the ionization potentials of benzene 
derivatives have been used in literature as a measure 
of their donor ability. 
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