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 EXPERIMENTAL:  Want to 

A. To develop a technique that allows the doping of fullerite 

    C60 with different species (O2, N2, H2, C2H2, etc) under 

 room pressure and temperature.  

B. To develop intercalation methods for varying the oxygen 

     content in intercalated fullerite C60(O2)x. 

     THEORETICAL: Want to 

C. To study singlet and triplet states of oxydized single  

 fullerenes C58On (n=0-4) and C59Om (m=0-2). 

D. To explore the structure and energetics of dumbbells C60-n–

 C60-n and C60–C60-n formed by oxidized buckyballs for  n=1-

4. 

E. To understand the mechanisms of acetylene interaction 

 with C60  buckyballs. 

   



• Fullerite intercalated by different species is interesting from a 

technological point of view since it can be used for gas storage with a 

controlled yield of the gas stored. 

• Recent experimental studies shown that fullerite can be hydrogenated 

for up to 8.2 wt.% of H. The pressure P = 12 MPa (1 atm=0.101 MPa) 

and temperature T = 425 -> 455 °C were found to be the optimal 

conditions for fullerite C60 hydrogenation. [Data from Int. J. Hydrogen 

Energy 36, 1143 (2011)].  

• Molecular hydrogen has poor physical sorption in pure fullerite 

while defects such as C60O and/or intercalates greatly increase the 

sorption capacity.  

• We will study intercalation of fullerite with O2 and C2H2 and study  

defect fullerene structures formed during the oxidation.  

• The initial motivation was mainly the ESR signal enhancement due to 

oxidation. That is, we were looking for defect structures whose triplet 

(paramagnetic) states are lower in total energy than the corresponding 

singlet states. The latter are generally nonmagnetic and occasionally 

can be antiferromagnetic. In such cases, the triplet and singlet states 

are degenerate in total energy.  



• Gaussian 03 program was used. For the atomic orbitals, we 

have used the standard contracted 6-311G* basis set. 

 

• The density functional theory with generalized gradient 

approximation was applied. The exchange-correlation 

functional is comprised of the Becke's exchange and 

Perdew-Wang's correlation (BPW91). 
  

• Each optimization was followed by computations of 

harmonic vibrational frequencies in order to confirm that the 

optimization arrived at a stationary point on the potential 

energy surface. 

 



In order to assess the accuracy of the BPW91/6-311G* 

approach we compare the results of our computations for 

acetylene C2H2 with experiment: 

Theory:          re (C-C ) = 1.209 Å     re (C-H ) = 1.071 Å 

Experiment:   re(C-C ) = 1.203 Å      re (C-H ) = 1.061 Å 

Harmonic vibrational  frequencies (cm-1): 

Theory:              727       2010      3348     3448 

Experiment        729       1982      3317     3397 

 

In C60, the inclusion of diffuse functions (6-311G*  6-311+G*) 

leads to shifting the vibrational frequencies by 3-4 cm-1 and 

does not significantly affect the bond lengths.  
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The O2 endo-complex 

contributes to  

paramagnetism of 

oxidized fullerite.  

However, its formation 

Is energetically  

unfavorable. 
 

  



• Oxidation of C60 fullerite intercalated by oxygen presents a 

rather complicated process that starts at 193C and continues  

at substantially higher temperatures. Oxidation is accompanied 

by mass loss and release of carbon oxides into the gas phase. 

During oxidation, the intensity of the ESR signal of solid fullerite 

grows by several orders of magnitude.  

       

• Primary oxidation channels C60 + O2  C59O + CO and C60 + O2 

 C59 + CO2 are endothermic by 1.40 eV and 1.77 eV, 

respectively. Subsequent oxidation channels are exothermic. 

 

• The triplet state in the endohedral complex O2@C58O2 is lower 

in total energy than the singlet state by 0.3 eV; however, this 

compex is significantly higher in total energy than C58O4 with 

four oxygens attached to carbon atoms of the hole boundary. 

      



  
•Oxidized fullerite was obtained by heating a fullerite sample intercalated 

with oxygen, (O2)0.44C60, up to 300 ºC. Orientational phase transitions in the 

oxidized fullerite were studied using differential scanning calorimetry and 

have been found to possess a specific enthalpy whose value is lower by 

25% than in the initial (O2)0.44C60 sample.  

 

•In order to find possible reasons for hindrance to the buckyball rotations, 

we performed optimizations of defect buckyball fullerenes C60-n with 

different distributions of vacancies along with the dimers C60-n–C60-n and 

C60–C60-n for n=1-4 using the BPW91/6-311G* approach.  

 

•We found that the dimerization energy ranges from 1.07 eV (C58–C58) to 

6.56 eV (C56–C56) and from 1.81 eV (C60–C58) to 4.29 eV (C60–C56), 

respectively. The formation of such dimers, which could in addition interact 

with defect buckyball cages and form larger aggregates, is related to the 

lowering of the orientational transition enthalpy.  



Dimerization energy is 

6.56 eV. There are 4-

coordinate C atoms 

(diamond-like). 
 











• C60 fullerite intercalated by acetylene was synthesized 

for the first time and studied by a number of 

experimental methods. It is found that the intercalate 

obtained corresponds to (C2H2)0.23C60 and possesses 

an fcc lattice. We also performed optimizations of the 

C60+C2H2 complex using density functional theory 

with the generalized gradient approximation.  

• Two complexes corresponding to acetylene 

chemisorbed by or inserted inside C60 were studied. 

Both complexes do correspond to local minima that 

are lower than the dissociation limit to C60 and C2H2. 

However, these complexes were not observed in 

experiment most likely because of their high energy 

barriers. 



Geometrical structures of the C60-C2H2 complex with inserted and 

adsorbed forms of acetylene. Four digit sequences show the number of 

vertices in polygons surrounding the attachment place. The energy shifts 

are given with respect to the sum of total energies of C60 and C2H2. 
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