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Introduction 
 Beginning in 1993 [1], the problem of 
fullerene molecules solubility was discussed [2-10]. 
The paper [11] offers explanation and justification 
to the extremality of temperature dependence of 
fullerite solubility in different organic mediums. It 
has been shown that realization of fullerene 
molecules modifications of different type in 
different temperature intervals with different 
amount of single and double bonds in fiveatomic 
molecules of the fullerene frame is favourable for 
the formation of fullerite with different crystal 
lattices: single cubic (sc), body-centered cubic 
(bcc), face-centered cubic (fcc). The phase 
transformations sc→bcc→fcc proceed in fullerite 
with a rise in temperature [5-8], at the temperature 
below 260 K the phase with sc lattice is formed, at 
the temperature above 280 K the phase with fcc 
lattice is produced. The phase with bcc lattice is 
metastable and it is realized in different 
quantitative relations with sc phase or with fcc 
phase.  
 The statistical theory of phase 
transformations in fullerite has been developed in 
the present paper taking into consideration the 
formation in it of fullerene molecules of different 
type modifications.  
 
Theory 
 The solution of this problem has been 
performed by calculation of free energies of sc, 
bcc, fcc phases taking into account the possibility 
of two-phase mixtures formation. The mixture of 
sc with bcc phases is named as low-temperature 
and of bcc with fcc phases – high-temperature. 
 The free energy of these phases is 
calculated by the known formula [9, 10] 
 

Fi = Ei – kTlnGi, i = 1, 2, 3 (1) 
 
for the phases with sc, bcc, fcc lattices, where Ei is 
the configuration internal energy defined by the 
sum of energies of the pair interactions of nearest 
fullerene molecules, Gi is the thermodynamic 
probability of fullerene distribution over the sites 
of crystal lattice determined by the combination 

rules, k is the Boltzmanns constant, T is absolute 
temperature. 
 The free energies of mixtures of sc-bcc 
and bcc-fcc phases are represented by 
 

  ,F  FF    ,F  FF 32232112 +′=+=        (2) 
where in the first expression F1 is the free energy 
of the first sc phase with the availability of Фα, Фβ 
fullerenes in it, F2 is the free energy of the second 
bcc phase with fullerenes, but in the second 
formula 2F′  is the free energy of the second bcc 
phase with the Фβ, Фγ fullerenes and F3 is the free 
energy of the third fcc phase containing the Фβ, Фγ 
fullerenes. 
 The calculation of free energies F12 and 

23F  gives the following formulae  
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where )i()i()i( N  ,N ,N γβα  are the numbers of 

fullerenes of α, β, γ kind respectively in the phases 
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i = 1, 2 and i = 2, 3; the values υ with corresponding 
indexes are the energies, taken with the opposite 
sign, of interaction of nearest fullerenes of the 
indicated kinds in the phases i = 1, 2 and i = 2, 3; 
z1 = 6, z2 = 8, z3 = 12 are the coordinational numbers 
of sc, bcc and fcc crystal lattices. 
 The minimization of free energy is carried 
out by the method of the indeterminate Lagrange 
factor to derive the conditions of thermodynamic 
equilibrium, i. e. the functions  
 

22111212 ϕλ+ϕλ+=Ψ F  and 32212323 ϕν+ϕ′ν+=Ψ F  
 

are minimized, where λ1, λ2 and ν1, ν2 are Lagrange 
factors correlated with equation of the relation 
between numbers )(l

iN  (i = α, β, γ; l = 1, 2, 3) 
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including the coefficients λ1, λ2 and  ν1, ν2 the 
relationships are derived 
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for the low-temperature mixture, 
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for the high-temperature mixture, where following 
designations are entered 
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 The energetic parameters w1, w2, and 2w′ , 
w3 are energies of mixing of sc, bcc phases in the 
low-temperature mixture and bcc, fcc phases in the 
high-temperature mixture. 
 The equations (5), (6) determine the 
temperature dependence of concentrations )2()1( , βα c  c  

in the fitst low-temperature mixture and 
concentrations   c   c )3()2( , γβ  in the second high-

temperature mixture. The character of these 
dependences is defined in a large extent by the 
numerical values of energies (7), (8).  
 
Interpretation of calculation results 

The constitution diagram of fullerite is 
constructed by the formulae (5), (6). The energetic 
parameters are evaluated with the use of 
experimental data for realization of pure sc phase 
at low temperatures, formation of the low-
temperature mixture of sc and bcc phases with 
increasing temperature, the occurrence of bcc and 
fcc phases mixture with further rise in temperature 
and realization of pure fcc phase at high 
temperatures. These parameters have the 
following values (in eV) 

.,= ω,       , =     w,= w
,,,     ω  , = ,   w,= w  

14902102050
301237523282

32
21

′′   (9) 

 
The positive values of energies w1, w2, 2w′ , 

w3 point to the tendency for ordering of fullerenes 
Фα, Фβ in the phases of the low-temperature mixture 
and fullerenes Фβ, Фγ in the phases of the high-
temperature mixture. Moreover, from (9) it follows 
that interaction energies of fullerenes decrease on 
order with increase in temperature.  

The phase diagram of fullerite constructed by 
the graphical method with the use of formulae (5), 
(6) and numerical values of energetic parameters (9) 
is illustrated in Fig. 1. The )(c   ),(c  ),( )3()2()1( TTTc γβα   

 

 
 
Fig. 1. The phase diagram defined the 

temperature dependence of fullerene Фα, Фβ, Фγ 
concentrations in phases with sc, bcc, fcc lattices. 
The curves 1, 2, 3 correspond to concentrations 

)3()2()1()( ,, γβα= c  c  cci
j . The temperatures of phase 

transformations (PT) are marked off: PT1 for 
sc→bcc and PT2 for bcc→fcc transitions. 
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dependences are found to be non-linear and 
asymmetrical about the concentration 0,5. The last is 
caused by the change of fullerite structure with 
increasing temperature from sc to bcc and then to fcc 
for which the coordinational numbers zi  are 
different. 

It is evident from the presented phase diagram that 
the pure sc phase is formed at low temperatures 
(kT ≤ 0,0215 eV), the pure fcc phase – at high 
temperatures (kT ≥ 0,025 eV). Over the 
temperature range 0,0215 eV≤ kT ≤ 0,025 eV two 
two-phase systems are in existence with sc+bcc 
phases and bcc+fcc phases, respectively. The )2(cβ  
concentration of bcc phase in the low-temperature 
mixture undergoes a rise from 0 to 1 as the 
temperature increases, thereafter in the high-
temperature mixture it falls from 1 to 0 with 
further increasing temperature. The pure bcc 
phase is realized within very narrow interval of 
temperatures near kT = 0,0235 eV. Obviously for 
this reason it is assumed that bcc phase is not 
stable and experimentally it emerge not easily. 
 
Conclusions 
 The developed statistical theory makes 
possible to provide an explanation and ground for 
phase transformations observed experimentally 
and allows the calculation of the equations of 
thermodynamic equilibrium of fullerite with 
different crystal structures, determination of the 
temperature dependence of concentrations of Фα, 
Фβ, Фγ fullerenes of various modifications, the 
establishment of existence possibility in fullerite 
both of one-phase state and formation of mixtures 
from two phases and in conclusion the 
construction of constitution diagram of fullerite. 
This diagram defines the )3()2()1( c  ,c  , γβαc  
concentrations of Фα, Фβ, Фγ fullerenes as a 
function of temperature with demonstration of 
temperature boundaries of fullerite formation in 
one-phase and two-phase states. 
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