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A study of band structure, stability and electron density distribution from selected crystal

orbitals of polymerized C60 forms was carried out. Linear chain, tetragonal and hexagonal layers,

and three-dimensional polymer with a simple cubic lattice were calculated using an empirical tight-

binding method. The hopping parameters were chosen to fit a theoretical X-ray emission spectrum

of C60 to the experimental one. Our results indicate that all calculated polymers are semiconductors

with the smallest energy gap for hexagonal structure. Though the molecules C60 are linked by strong

covalent bonds, the crystal orbitals characterized by the electron density localization on an

individual carbon cage are separated in the electronic structure of polymers. The suggestions about

reactivity of the one-dimensional and two-dimensional tetragonal polymers were made from the

analyses of crystal orbitals accompanied with the highest occupied (HO) and lowest unoccupied

(LU) bands. The polymerized C60 forms were found to be less stable than an icosahedral fullerene

molecule.

Introduction

At ambient conditions solid C60 is a molecular crystal, in which the molecules are

orientationally disordered while their centers of mass form a regular face-centered-cubic (fcc)

lattice. At higher temperature and pressure the fullerite C60 is polymerized forming the various

crystal structures depending upon the synthetic conditions [1-5]. Treatment of the fullerite in the

pressure range below 8 *3D�DQG�DW�WHPSHUDWXUHV�DERXW�����D�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�OLQHDU�&60

chains along the (110) direction of the original fcc lattice leading to an orthorhombic phase.

Increasing the temperature provides an additional intermolecular bonding in either (111) or (100)

planes, and the synthesis of a rhombohedral or a tetragonal phase. These phases have a two-

dimensional structure with the interlayer distance of 9.8 Å [2, 3]. Above about 8 GPa very hard,

three-dimensional polymeric structures are formed [6].

Studies by IR-, NMR and Raman spectroscopy showed the lowering in symmetry of the

fullerene molecules and the presence of sp3 intermolecular bonds in the polymerized C60 structures.



The molecules C60 are linked with each other by [2+2] cycloaddition mechanism forming a four-

membered ring between the neighbors [7-9]. Strong covalent bonding between the cages and, as a

FRQVHTXHQFH��WKH�UHGXFWLRQ�RI�QXPEHU�RI���HOHFWURQV�LQ�&60 change the electronic properties of the

fullerite. So, the bands in the photoemission spectrum of polymerized C60 film are shifted toward

the Fermi level [10] decreasing the energy gap relative to that for the fullerite. At present, the

techniques of producing the polymeric phase in the pure form and the quantities, sufficient for an

experimental research of their electronic properties, are still developing. In this connection a study

of the electronic structure of polymers by quantum chemistry is very important for prediction of

their possible properties and applications.

From tight-binding calculation a linear C60 chain has been found to be semiconductive with

D�ILQLWH�EDQG�JDS�RI�������H9�DQG�DOPRVW�SXUH�1�W\SH� LQWHUPROHFXODU�ERQGLQJ�>��@��$VVXPLQJ� WKH

weak van der Waals interlayer interaction in the rhombohedral and tetragonal polymers a theoretical

prediction on stability and conducting properties of these phases have been made by the result of

tight-binding calculation of a single layer [12]. Different number of intermolecular covalent bonds

in the tetragonal and rhombohedral structures was found to cause the distinction of band gap values,

which were estimated to be 1.2 and 1.0 eV respectively. The investigation of the electronic structure

of the three-dimensional rhombohedral C60 polymer has been carried out in [13] using the local-

density approximation (LDA). The phase was found to be indirect semiconductor with band gap of

0.35 eV. Although the LDA generally underestimates the energy gap, the difference between the

rhombohedral and fcc C60, about 0.7 eV, correlates well with the result of tight-binding calculations

[12].

The goal of present contribution is to study the electronic band structure, stability and

chemical bonding of the C60 solids within the framework of a uniform quantum-chemical approach.

All polymers known to date: one-dimensional, two-dimensional tetragonal, two-dimensional

hexagonal and three-dimensional cubic structures are considered. The polymers are calculated using

an empirical tight-binding method, which was specially parameterized to reproduce correctly the

electronic density of states (DOS) in the valence band of fullerenes C60 and C70.

Computational details

Using an empirical tight-binding approach to study of electronic structure of any compound

it is necessary to choose matrix elements for correct description of the interelectronic interactions.

As the fullerite is an allotropic form of carbon, the parameters obtained by fitting the band structure

of bulk graphite were used as the initial ones [14]. These parameters were checked against the X-

ray fluorescence spectra of IXOOHULWHV�K60�DQG�K70 [15].



An X-ray emission arises as a result of electron transitions from valence shell of a

compound to core-located vacancies. Since these transitions are governed by the dipole selection

rules, CKα spectrum corresponds essentially to the density of states of carbon 2p electrons. The

theoretical CKα spectra of C60 and C70 were plotted by the results of tight-binding calculations of

the fullerenes molecules. A comparison between the experimental spectrum of fullerite and the

theoretical spectrum of free molecule is possible because of the weakness of intermolecular

interactions in the solids, as evident from the insignificant band dispersion in the fullerite C60 [16].

The intensity of a separate spectral line was calculated as a sum of squared modules of the

FRHIILFLHQWV�ZLWK�ZKLFK��j�DWRPLF�RUELWDOV��$2��FRQWULEXWH�LQ�WKH�PROHFXODU�RUELWDO��FH���)RU�HDFK

RFFXSLHG�FH�WKH�FDOFXODWHG�FRQWULEXWLRQ�LV�UHSUHVHQWHG�DV�D�OLQH��ZKLFK�SRVLWLRQ�RQ�WKH�HQHUJ\�VFDOH

within the .RRSPDQV¶�WKHRUHP�JLYHV�WKH�RQH�HOHFWURQ�HQHUJ\�RI�FRUUHVSRQGLQJ�FH��7KH�UHVXOWLQJ

spectral profile was obtained by broadening the vertical lines by a 0.3-eV full-width-at-half-

maximum Gaussian function.

Comparison between the experimental CKα spectra of fullerites C60 and C70 and the

theoretical spectra of molecules calculated with the parameters set [14] is shown in Fig. 1(a, b). The

theoretical spectral profiles do not correlate with the experimental ones in the one-electron energy

region bellow 0. The reasons of such discrepancy were found from the analysis of calculation

results to be inadequate interaction of the π-electrons and the underestimating of s- and p-states

hybridization of in the cage fullerene molecules. The hopping parameters Vppπ and Vspσ, which are

responsible for these interactions, were fitted to the best agreement between the theoretical and

experimental X-ray spectra of C60. The spectrum of C60 molecule, calculated with a set of

parameters Es = -3.65 eV, Ep = 3.65 eV, Vssσ = -3.63 eV, Vspσ = 4.50 eV, Vppσ = 5.38 eV, Vppπ = -

3.04 eV, reasonably reproduces the number of main spectral features, their relative intensities and

energy separations in the experimental spectrum (Fig. 1(c)). Using the new parameter set we

calculated the CKα spectrum of C70 molecule. Quite well agreement between experimental and

theoretical spectra for this compound (Fig. 1(d)) confirms the ability of chosen parameters to

correctly describe the electron interactions in fullerenes molecules. These parameters would be

expected to take into account the specificity of cage carbon structures such as spatial peculiarities

and electronic states of atoms.

The total energy of the carbon systems was calculated as:

Etot = Ebs + Erep, (1)

where Ebs is the sum of electronic eigenvalues over all occupied electronic states and Erep is a short-

ranged repulsive energy. The electronic eigenvalues are obtained by solving the empirical tight-



binding Hamiltonian, the off-diagonal elements of that Vssσ, Vspσ, Vppσ, and Vppπ were scaled with

interatomic separation r as a function s(r). The repulsive energy Erep was calculated using the

expressions given in [17]:
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where ́ (rij) is a pairwise potential between atoms i and j, and f is a functional expressed as a 4th-

order polynomial. The pairwise potential ´(r) and scaling function s(r) are parametrically expressed

by [18]:

The change of Vspσ and Vppπ values required of the re-parameterization of these functions.

The parameters were chosen by fitting the dependence of cohesive energy versus nearest-neighbor

interatomic separation for graphite and diamond [18]. The resulting parameters for the functions

´(r) and s(r) and the polynomial coefficients are given in Table 1. Using these parameters gave the

bond lengths of 1.542 and 1.446 Å in diamond and graphite at equilibrium. These values

satisfactorily correlate with the experimental ones 1.546 and 1.420 Å respectively.

Electronic DOS was calculated by a histogram method, in which an energy interval is split

LQWR� WKH� FHOOV� ZLWK� ZLGWK� RI�û(�� DQG� QXPEHU� RI� VWDWHV�Ni is computed in each of the cells. The

integration over the irreducible wedge of the Brillouin zone was done using 36 k points and 0.1-eV

Gaussian broadening.

Results and discussion

One-dimensional, two-dimensional tetragonal and hexagonal polymers of C60 are depicted

in Fig. 2. The neighboring fullerene cages are linked by the four-membered rings from carbon

atoms at a fusion between two hexagons of a molecule. Each C60 molecule in the polymeric chain is

connected to two neighbors and belongs to symmetry point group D2h. In the tetragonal and

hexagonal layers each individual molecule having 4 or 6 neighbors belongs to the symmetry point

group D2h or D3d respectively. Three-dimensional cubic polymer was constructed by the attachment

of two C60 molecules in perpendicular direction to the tetragonal layer. The atomic coordinates in

the distorted carbon cages were obtained from the results of geometry optimization of a linear

WULPHU� �K60)3�E\�TXDQWXP�FKHPLFDO�VHPLHPSLULFDO�JF��PHWKRG�>��@��$�XQLW� FHOO�RI� WKH�SRO\PHULF

chain is the central C60 fragment of the trimer. The geometry of this fragment has the most deviation
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from an icosahedral one near the four-membered rings. Conserving this deviation near each linking

ring the atomic coordinates for other polymers were generated according to the point group

V\PPHWU\�RI�K60 cage in a unit cell. An intramolecular bond length of 1.55 Å taken also from [19] is

characteristic for the carbon compounds in the sp3-hybridization.

Linear C60 chain

Molecular orbitals of the icosahedral C60 may be divided into two types: radial ρ-orbitals

directed towards the center of the carbon cage and tangential τ-orbitals aligned with the local

normal of the cage surface. According to the results of calculation using various quantum-chemical

methods, the highest occupied MO (HOMO) of fullerene is a fivefold degenerated orbital with hu

symmetry and the lowest unoccupied MO (LUMO) is a threefold orbital with t1u symmetry. These

02V� DUH� !�W\SH� RUELWDOV�� 'LVWRUWLRQ� RI� WKH� IXOOHUHQH� PROHFXOH� GXULQJ� SRO\PHUL]DWLRQ� FKDQJHV� LWV

electronic structure. The energy levels of icosahedral C60 and the C60 fragment isolated from the

linear chain are compared in Fig. 3. A deviation from the icosahedral structure causes the splitting

RI� WKH� GHJHQHUDWHG�02V� DQG�� WKHUHIRUH�� WKH� HQHUJHWLF� EURDGHQLQJ� RI�!�� DQG� 2�RUELWDO� EORFNV�� 7KH

splitting depends on the extent of molecular distortion.

The covalent bonding of the C60 cages in the polymeric chain results in the dispersion of

energy levels (Fig. 3(c)). The characteristic peculiarity of the polymer valence band is the presence

of two groups, A and B, of crystal orbitals (CO) accompanied with the bands having very little

dispersion. The pattern of electron density distribution for one of such COs is depicted in Fig. 4.

(OHFWURQLF�GHQVLW\�IURP�WKLV�!�W\SH�RUELWDO�LV�PDLQO\�ORFDOL]HG�RQ�WZHOYH�KH[DJRQV�RI�FDUERQ�FDJH�

while on the atoms providing the intermolecular bonding it is practically equal to zero. The number

of similar localized COs may be suggested to depend on the extent of C60 cage distortion and the

crystal structure of a polymer.

According to the band structure calculation, the linear C60 chain is a semiconductor. A direct

EDQG� JDS� DW� WKH�+� SRLQW� LV� DERXW� ������ H9�� WKHUHIRUH�� WKH� SRO\PHU� FKDLQ� IRUPDWLRQ� QDUURZV� WKH

icosahedral C60 HOMO-LUMO gap by 0.921 eV. The HO and LU bands of C60 chain are not

degenerate. Width of the LU band is about 0.125 eV indicating a small value of the transfer integral

RI�!�HOHFWURQV�DORQJ�WKH�SRO\PHU�FKDLQ��$V�the LU band is separated from higher states by 0.131 eV,

the electron doping of the one-dimensional C60 polymer will make a single-band conducting system.

Analysis of the electron density distribution from the COs accompanied with the HO and LU bands

(Fig. 5) can predict the reactivity of C60 polymer. The atomic size is proportional to the sum of

squared coefficients with which carbon AOs participate in the CO formation. The higher electron

density on atoms 1, 2 for the HO and 3, 4 for the LU crystal orbitals will result in the further

attachment of C60 molecules to the double bonds with formation of the two-dimensional tetragonal

polymer.



Two-dimensional tetragonal polymer

The calculated band structure of the two-dimensional tetragonal polymer near the Fermi

level is shown along the symmetric directions of the square Brillouin zone (Fig. 6). The top of the

valence band is found to be at the center of the Brillouin zone and the bottom of the conduction

band is at the M point. The fundamental energy gap between these band extremes is 1.852 eV. The

LU band in the tetragonal polymer is separated from higher states as that in the polymer chain,

though its dispersion increases up to 0.286 eV indicating the stronger intramolecular overlapping of

ρ-electrons. Two blocks of COs (A and B) characterized by the localization of electron density on

the individual C60 cages are positioned in the energy interval from 2 to 0 eV. Increasing the

neighboring molecules in the tetragonal polymer reduces the total number of localized orbitals in

the valence band near the Fermi level compared to the linear C60 chain.

Structure of the frontier COs is schematically shown in Fig. 7. Both orbitals are

characterized by the higher electron density on the central double bonds of a C60 fragment.

Therefore, we expect the attachment of the additional fullerene molecules to the tetragonal structure

along z direction in the chosen coordinate system (Fig. 6.) with the formation of three-dimensional

cubic polymer. Low electronic density on atoms 3 and 4 explains the small dispersion along the XM

direction for the highest branch of the valence band.

Cubic polymer

The consideration of the three-dimensional cubic polymer after the two-dimensional

tetragonal is caused by the increasing of a coordination number within the same point group

symmetry of the C60 fragment. In the cubic polymer the C60 cage being D2h symmetric have the

greatest number of neighbors. The band structure calculation shows that the cubic polymer has a

direct energy gap of 2.235 eV at M point of the Brillouin zone (Fig. 8). Increasing the neighbors up

to six in the polymer extends the energy gap by 0.05 and 0.38 eV in comparison with the one-

dimensional and two-dimensional tetragonal structure, respectively.

The formation of covalent bonds along the additional direction enhances the intramolecular

RYHUODSSLQJ� RI�!�HOHFWURQV� DQG�� WKHUHIRUH�� WKHLU� HQHUJ\� EURDGHQLQJ��$V� D� FRQVHTXHQFH� WKH� HQHUJ\

dispersion of the LU band increases up to 0.956 eV and, furthermore, all the unoccupied states form

one continuous conduction band. Electronic structure of the cubic polymer is characterized by the

further narrowing of the energy interval in which the higher occupied bands are positioned. Among

these bands only two small-dispersed bands (A and B) are selected. The fifth and sixth neighbors in

the cubic polymer are attached to the bonds shared by the central hexagons, that remains in the

structure of the C60 fragment only 8 slightly deformed hexagons. The ρ-electronic density is

localized on these small sections (Fig. 9), while in the one-dimensional and two-dimensional



WHWUDJRQDO�SRO\PHUV�WKH�!�HOHFWURQV�DUH�GLVWULEXWHG�RQ�WKH�DUHDV�FRPSRVHG�RI���DGMDFHQW�KH[DJRQV�

6SDWLDO�VHSDUDWLRQ�RI� WKH�!�HOHFWURQV� LQ� WKH� FXELF�SRO\PHU� UHGXFHV� WKHLU� LQWHUPROHFXODU� LQWHUDFWLRQ

that results in the narrowing of the higher occupied bands distribution.

Two-dimensional hexagonal polymer

Among considered polymeric structures the two-dimensional hexagonal polymer is the most

intriguing because of the high-symmetry C60 fragment is strongly distorted around the molecular

equator due to the formation of 12 covalent bonds. The band structure of the hexagonal polymer is

shown in Fig.10. The polymer has indirect 0.577 eV gap between the extremes at K and T points.

This value is minimal in the series of calculated C60 polymers. The LU and HO bands are twofold-

degenerated in the center of the Brillouin zone. The bands of the polymer show considerable

dispersion along all symmetry directions. Only one small-dispersed band near 0 eV can be selected.

The electronic density from the CO corresponding to this band is localized on the areas composed

of 4 adjacent hexagons from the top and bottom parts of the C60 fragment (Fig. 11). The ρ-electrons

of the COs accompanied with the HO and LU bands were found to localize on the tops of the

slightly deformed pentagons. The C60 fragments in the hexagonal layer are closely packed that

makes it possible to the intermolecular interaction of ρ-electrons through the small tetragonal

cavities. It is the reason of the large dispersion of the HO and LU bands along the =D direction of

the Brillouin zone.

Analysis of electronic density of states

The calculated electronic DOS for the icosahedral C60 molecule and the polymerized C60

structures are compared in Fig. 12. The electron distribution near the Fermi level is the most

interesting. The feature A in the DOS of C60 molecule originates from the HOMO of hu symmetry

and the feature B corresponds to two lower energy orbitals having hg and gg symmetry. From the

icosahedral molecule to the hexagonal polymer the intensity of these features is gradually

decreased. The feature A is considerably broadening, while the width and intensity of the feature B

are less varying. The two-dimensional hexagonal polymer is characterized by the most noticeable

changes of these features, that LV�GXH�WR�WKH�ODUJHVW�FKDQJH�RI�!�V\VWHP�RI�WKH�LFRVDKHGUDO�&60 when a

hexagonal layer is formed. This considerable change is also the cause of the smallest energy gap

between the bands, which density forms the feature A and B, and the deeper occupied bands. The

feature A and B in the electronic DOS are associated with the bands from the blocks A and B,

therefore, the decreasing of their intensities reflects the reduction of the number of localized



orbitals. The localization of electron density from the higher occupied COs on the individual C60

cage of the cubic polymer gives the intense feature near the Fermi level.

The population analyses have shown that the intermolecular bonds in the C60 polymers are

almost pure σ-bonding. The orbitals providing the σ-bonding between carbon cages are positioned

in the depth of valence band about of 8-9 eV below the Fermi level. The examples of such type COs

in the one-dimensional and hexagonal polymers are given in Fig. 13. Two orbitals, which are

differed by a sign of the AOs overlapping in the four-membered ring, are divided in the electronic

structure of the linear C60 chain. As evident from Fig. 13(a), radially directed AOs form the ρ-type

RUELWDO��,Q�WKH�HOHFWURQLF�VWUXFWXUH�RI�WKH�WHWUDJRQDO�SRO\PHU�WKHUH�DUH�&2V�SURYLGLQJ�WKH�1�ERQGLQJ

between molecules or simultaneously along the both crystallographic directions (x, y) or along a

particular one. The intermolecular σ�ERQGLQJ�&2V�RI�WKH�KH[DJRQDO�SRO\PHU�FDQ�EH�DV�SXUH�!�W\SH

orbitals (Fig. 13(b)) so a combination of radial and tangential AOs (Fig. 13(c)). Through the former

orbital, the AOs of the atoms composing the four-membered rings have the positive overlapping

between molecules and negative overlapping on the other directions. The latter CO being

completely bonding is energy deeper orbital.

Energy of the polymeric structures

The calculated HO-LU band gap and energies Etot, Ebs, and Erep for the polymerized fullerite

forms are compared with those for free C60 molecule in Table 2. The total energy of each of the

considered polymeric structure is higher than that of the fullerene molecule. With increasing the

neighbors in a polymer its total energy increases, except that for the three-dimensionally

polymerized C60. Analysis of the Ebs and Erep values shows that the less stability of the hexagonal

polymer compared to the cubic one is caused by the stronger short-range repulsion in the former

structure. Actually, the more closely packing of the C60 cages in the hexagonal layer than in any

SODQH�RI�WKH�FXELF�VWUXFWXUH�OHDGV�WR�WKH�DGGLWLRQDO�LQWHUDFWLRQV��LQ�SDUWLFXODU��WKH�LQWHUPROHFXODU�!�

electron overlapping. The change of the total energy with the polymerization correlates with the

change of the HO-LU band gap: than the band gap is smaller that the polymer is less stable.

Conclusion

The tight-binding method was parameterized to correct reproducing the 2p-electron density

distribution in the valence band of the fullerite C60 and C70. The determined parameters can be used

later for the electronic structure calculation of various cage carbon compounds. Using new

parametric scheme a systemic study of electronic band structure of four polymerized phases of C60,

which are known to day, was carried out. For the tetragonal and rhombohedral phases only one



layer was calculated assuming the insignificant influence of van der Waals interactions between

layers on the electronic energy bands and crystal orbitals.

Polymerization of fullerene C60 results in the narrowing of HOMO-LUMO gap that is

caused by the splitting of degenerated MOs of the icosahedral C60 due to its distortion and the

formation of intermolecular bonds. All considered polymers were found to be semiconductive with

the smallest band gap for the two-dimensional hexagonal polymer and the largest one for the cubic

polymer. A change of the band gap with the number of neighbors and the type of their connection in

the polymer correlates with the calculated total energy values. The polymerized fullerite forms were

found to be less stable than free C60 molecules. Among the polymers the linear C60 chain is

characterized by the greatest energy stability.

Near the )HUPL� OHYHO� WKH� !�W\SH� FU\VWDO� RUELWDOV�� ZKLFK� HOHFWURQLF� GHQVLW\� LV� ORFDOL]HG� RQ

individual C60 cages, were revealed for all calculated polymers. The number of such orbitals

decreases when the number of neighbors and the extent of C60 fragment distortion increase. The σ-

bonding between C60 molecules was found to provide by the crystal orbitals located about of 8-9 eV

below the Fermi level. Furthermore, due to the small-size cavities in the hexagonal layer,

LQWHUPROHFXODU�LQWHUDFWLRQV�DUH�DOVR�SURYLGHG�E\�WKH�KLJKHVW�!�RUELWDOV��7KH�DQDO\VHV�RI�WKH�IURQWLHU

orbitals in the polymeric chain and the tetragonal structure showed the further attachment of

fullerene molecules should result in the formation of the tetragonal and cubic polymer, respectively.
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Figure captions

Fig. 1. Comparison of the theoretical CKα spectra (profile 1) of C60 and C70 calculated with the old

(a, b) and new (c, d) parametric set with the experimental X-ray spectra (profile 2) of the fullerite

C60 (a, c) and C70 (b, d).

Fig. 2. The fragments of linear C60 chain (a), two-dimensional tetragonal (b) and hexagonal (c)

polymers.

Fig. 3. Energy levels of the icosahedral C60 molecule (a), the distorted C60 cage from the linear

polymer (b), and the band structure of the liner C60 polymer (c). The small-dispersed occupied

bands are marked by A and B.

Fig. 4. Schematic structure of the crystal orbital (a) corresponding to the small-dispersed band of

the linear C60 chain, the electron density from such type orbital are mainly localized on dashed

hexagons (b).

Fig. 5. Schematic representation of the frontier occupied (a) and unoccupied (b) orbitals of the

linear C60 chain. A circle size correlates with the 2p-AO participation in the construction of a given

MO.

Fig. 6. Calculated band structure of the tetragonal polymer. The small-dispersed bands near the

Fermi level are marked by A and B. Also is shown the Brillouin zone corresponding to the C60

monolayer.

Fig. 7. Schematic representation of the frontier occupied (a) and unoccupied (b) orbitals of the

tetragonal C60 polymer. A circle size correlates with the 2p-AO participation in the construction of a

given MO.

Fig. 8. Calculated band structure of the three-dimensional C60 polymer. The first Brillouin zone of

the simple cubic lattice is also shown.

Fig. 9. Schematic representation of the crystal orbitals accompanied by the band, which are marked

by A and B in the Fig. 8. The hexagons, on which the electron density is localized, are dashed.

Fig. 10. Calculated band structure of the hexagonal C60 polymer around the Fermi level. The two-

dimensional Brillouin zone is also shown.

Fig. 11. Schematic representation of crystal orbital accompanied by the small-dispersed band from

the electronic structure of the hexagonal polymer. The electronic density from this orbital is

localized on the dashed hexagons.

Fig. 12. Calculated electronic density of states for icosahedral C60 molecule (a), linear C60 chain (b),

two-dimensional tetrahedral (c) and hexagonal (d) polymers, three-dimensional C60 polymer (e).

Fig. 13. The examples of the crystal orbitals providing σ-bonding between neighboring C60 cages in

the liner polymer (a) and the hexagonal layer (b, c).



Table 1. Parameters for the functions s(r), ́ (r) and coefficients of the polynomial f(x).

n

2.0

nc

6.5

rc (Å)

2.18

r0 (Å)

1.536

´���(eV)

4.165

m

4.203

mc

8.185

dc (Å)

2.105

d0 (Å)

1.640

c0

-2.590

c1

0.572

c2

-1.789×10-3

c3

2.353×10-5

c4

-1.242×10-7



Table 2. Energetic characteristics of icosahedral C60 molecule and the polymerized fullerite forms:

the calculated HO-LU band gap (Eg), total (Etot), electronic (Ebs) and repulsive (Erep) energy.

Structure Eg(eV) Erep(eV/atom) Ebs(eV/atom) Etot(eV/atom)

LFRVDKHGUDO�K60 3.101 12.175 -28.265 -16.090

linear chain 2.180 11.607 -27.612 -16.005

tetragonal layer 1.852 11.171 -27.093 -15.922

hexagonal layer 0.577 11.468 -27.119 -15.651

cubic 2.235 10.842 -26.707 -15.865


