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Introduction 

In studying the influence of the electron effects 
that halogen substituents of benzene have on the 
C60 fullerene solubility and on the π-electron 
system reactivity of benzene halogens in the 
electrophilic nitration reactions, it was supposed 
[1] that a positive charge, not negative, is localized 
on the halogen atom in the С(sp2)–X bond, where 
Х=F, Cl, Br, J. According to the current 
conceptions, a negative charge is attributed to a 
halogen atom because of high electronegativity of 
halogen atoms. Moreover, a negative induction 
effect of halogen substituents is considered higher 
than their positive mesomeric effect. 

The dipole moment direction is not determined 
by direct measurements. However it can be defined 
by comparing different compounds and their 
physical parameters. 

 
Results and discussion 

To verify the above suggestion, the present 
work considers two systems of functions for 
halogens and benzene halogens physical 
parameters; the arguments in these functions are 
the sizes of cation radius of a halogen atom at 
times and of anion radius at other times. The 
results of an investigation into fullerene C60 
solubility (received in [2-4]) have been used in the 
work. 

The research has shown that halogens and 
benzene halogens physical parameters, such as 
halogen electronegativity (χ, eV), mesomeric effect 
of substituents in debyes (M, D), ionization 
potentials of benzene halogens (E, eV), ionic 
radiuses of a halogen atom (r±, nm) and fullerene 
C60 solubility (S, g·l-1) are linearly dependent with 
each other. However, a linear character of 
equations for the whole row of halogens, F, Cl, Br, 
J is observed only for М=f(r+) and 
Е=f(r+) functions to which eqs. 2 and 4 correspond 
in Table 1. 

 
 
 

Table 1. Equations of functions for halogens 
and benzene halogens physical parameters and C60 
fullerene solubility. 

 

№ Functional 
equations  

Argument 
values 

Calculated 
values of 
function 

System of equations I 
1. χ+=3,23–8,02·r+ +

Fr =0,009 nm* +χF =3,16 eV **

2. M=0,37–1,81·r+ +
Fr =0,009 nm* MF =0,35 D* 

3. M=0,22χ–0,348 +χF =3,16 eV** +
FM =0,36 D* 

4. E=9,22–4,86·r+ +
Fr =0,009 nm* EF =9,20 eV * 

5. E=0,61·χ+7,25 +χF =3,16 eV** +
FE =9,17 eV * 

System of equations II 
6. χ–=5,37–13,09·r – −

Fr =0,113 nm* −χF =3,63 eV ** 

7. M=0,855–2,96·r– −
Fr =0,113 nm* FM− =0,47 D** 

8. M=0,22·χ–0,348 −χF =3,63 eV ** FM− =0,46 D** 

9. E=10,51–7,93·r– −
Fr =0,113 nm* −

FE =9,46 eV ** 

10. E=0,61χ+7,25 −χF =3,63 eV ** −
FE =9,45 eV ** 

Equations of C60 solubility 
11. P=7,06–52,72·r+ +

Fr =0,009 nm* +
FP =6,59 g·l–1** 

12. P=6,78·χ–14,56  +χF =3,16 eV ** +
FP =6,90 g·l–1** 

13. P=30,0·M–3,09 +
FM =0,35 D* +

FP =6,60 g·l–1** 

14. P=11,15·E–95,34 +
FE =9,19 eV * *

FP =7,13 g·l–1** 

15. P=20,94–84,78·r – −
Fr =0,113 nm* FP− =9,66 g·l–1** 

16. P=6,78·χ–14,56 −χF =3,63 eV ** FP− =10,70 g·l–1**

* – experimental values of arguments and 
functions; 

** – calculated values of fluorine functions. 
 
In other cases fluorine comes out of the 

halogens row – the calculated values of fluorine 
parameters are different from the experimental  
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ones. As an example Fig. 1 shows two plotted 
functions, χ+=f(r+) and χ–=f(r–) (eqs. 1 and 6 in 
Table 1, respectively); as can be seen, in both cases 
the values of fluorine electronegativity calculated 
by eqs. 1 and 6 and graphically are less than the 
experimental one, 4.00 eV, and significantly differ 
by the value: 3.16 eV and 3.63 eV, respectively. 

 

 
 
Fig. 1. Electronegativity of halogens, F (1);  

Cl (2); Br (3); I (4) vs. the dimensions of cation “a” 
and anion “b” radiuses. 

 
This suggestion is supported by the given in 

Table 1 results on fluorine functions calculations 
performed using the arguments which values are 
related to either cation or anion radius of fluorine. 
The first case assumes a positive charge on a 
halogen, and the second case – a negative charge. 
Two equations 1 and 6 for χ+=f(r+) and χ–=f(r–) 
functions given in Table 1 and plotted in Fig. 1 
(lines a and b, respectively) have shown that in 
both cases the calculated values of fluorine 
electronegativity, χ+

F=3.16 eV and χ–
F=3.63 eV are 

less than the experimental one, 4.0 eV. Similar 
values for fluorine, χ+

F and χ–
F are obtained by 

extrapolation of the plots a and b to the values of 
r+

F=0.009 nm and r–
F=1.33 nm, respectively. 

The values of r+
F=0.009  nm, r–

F=1.33 nm, 
χ+

F=3.16 eV and χ–
F=3.63 eV were taken as 

arguments to calculate fluorine mesomeric effects 
by eqs. 2,  3 and 7,  8 and fluorobenzene ionization 
potentials by eqs. 4,  5 and 9,  10. The results of 
calculations given in Table 1 have shown that the 
calculated values of fluorine mesomeric effects are 
equal to the experimental values only when the 
values of arguments assuming a positive charge in 
the C(sp2)-X bond on a halogen were used (see eqs.  
2 and 3). A similar situation is also observed in 
calculating fluorobenzene ionization potentials by 
eqs. 4,  5 and 9,  10.  

The calculated values are agreed with the 
experimental value of fluorobenzene ionization 

potential only when r+
F=0.009 nm and χ+

F=3.16 eV 
were taken as arguments (see eqs. 4 and 5). The 
results of performed calculations allow the definite 
conclusion: “Equations of system I that were 
obtained under the assumption of existing a 
positive charge on the halogen substituents of 
benzene correspond to the actual functional 
relation between physical parameters of halogens 
and benzene halogens”. 

The fullerene C60 solubility in fluorobenzene  
(1.2 g·l-1) is significantly lower than it could be 
expected considering a high value of 
fluorobenzene positive mesomeric effect. We have 
suggested [1] that low C60 solubility in 
fluorobenzene is caused by strong inhibiting effect 
that a positive charge of a fluorine atom has on 
donor ability of the fluorobenzene π-system. This 
suggestion is confirmed by the derived eqs. 11-14 
characterizing relations between C60 solubility and 
physical parameters of halogens and benzene 
halogens atoms that, according the above 
formulated definition, belong to the equations of 
system I. 

 
Conclusions 

1. The performed calculations have shown that 
halogens in the С(sp2)–X bond have a positive 
charge. 

2. The low fullerene C60 solubility in 
fluorobenzene has been explained. 
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