PACS 61.46.+w, 61.50.Em, 62.20.Dc, 63.20.Dj

EFFECT OF PRESSURE ON THE STRUCTURE AND INTERMOLECULAR PHONONS IN SOLID C_{60}

Yu.I.Prilutskii, V.A.Andreev, G.G.Shapovalov

Kiev Shevchenko University, Dept. of Physics, 64 Volodymyrska St., UA–252017 Kiev, Ukraine

Received July 11, 1996

The low-temperature orientationaly ordered crystalline phase of fullerene C_{60} was investigated in dependence on the external pressure. The vibrational spectrum of C_{60} crystal was calculated using the group theory and atom-atom potentials methods. The frequencies of intermolecular modes as the functions of external pressure were studied. An assumption was made that the energy of the lattice includes two contributions: a Lennard-Jones (12-6) potential and electrostatic interaction of charges located on the single and double bonds of C_{60} molecule. The results obtained are in good agreement with the available experimental data.

1. Introduction

After the discovery of fullerene C_{60} molecules [1] a simple method was developed to condense them to a solid phase [2]. The appearance of superconductivity in alcali-doped fullerides [3] led to considerable efforts to understand the different physical properties of these compounds as well as pristine C_{60}. The investigations of fullerides are of great importance for extensive use of multi-atom carbon clusters in technics [4].

In the present paper the low-temperature orientationaly ordered crystalline phase of fullerene C_{60} was studied using the atom-atom potentials method [5]. By means of the group theory methods [6] a calculation of the vibrational spectrum of fullerene C_{60} crystal was carried out in the approximation of an intermolecular potential which includes two contributions: a Lennard-Jones (12-6) potential and electrostatic interaction. The dependencies of C_{60} crystal lattice parameter and its intermolecular frequencies on the external pressure were investigated. The study of molecular dynamics under the high pressure give us the essential information about the intermolecular interaction, which is necessary to improve the phonon spectrum calculation for C_{60} crystal.

It is to be pointed out the great interest to the external vibrational spectra of solid fullerides is due to the following reasons. First of all, they are necessary for the construction of intermolecular potentials which deverens the molecular dynamics, elastic constants and thermodynamic properties of these systems [7-18]. Second, the superconductivity models remain actual, in which the low-frequency phonons are considered [19-21]. Besides, the

cfl Yu.I.Prilutskii, V.A.Andreev, G.G.Shapovalov, 1997

ISSN 0452{9910. Condensed Matter Physics 1997 No 9 (47{56) 47 intermolecular vibrations are to be considered in the investigation of the dynamics of the triplet excited states in organic molecular crystals [22-23].

In the present paper the computer experiment for the investigation of structure and lattice dynamics of C_{60} crystal was analyzed. The results obtained were compared with the available experimental data [24-30].

2. Study of the equilibrium structure of fullerene C_{60} crys- tal C_{60} molecule [1] is a basic element of the crystal structure of solid C_{60}. All 60 atoms of carbon are sited in the molecule on the surface of sphere with diameter of about 7 Å. They are arranged in 12 pentagons and 20 hexagons. The experiments on neutron scattering [31] carried out have shown each of 60 single bonds under the temperature T = 3D4 K have 1.46 Å in length composing 12 pentagons, and the rest 30 double ones are of 1.381 Å long being common for the neighbouring hexagons. It is to make a note the C_{60} molecule is stable under the hydrostatic pressure up to 200 kbar [32-35].

The solid C_{60} is a molecular crystal. It has fcc lattice at the room temperature and the molecules freely rotate in it. Having temperature decreased below T_c = 3D250 K the molecular reorientations sease [36-38] and fcc lattice changes to the simple cubic (sc) one: at T = 3D4.2 − 5 K the lattice constant is a = 3D14.04 Å, the number of molecules is the unit cell is Z = 3D4, the space symmetry group is Pa3 [25].

The orientationaly ordered structure of solid C_{60} can be obtained as follows [24]. Start from a fcc crystal in which all molecules have their twofold axes aligned along the [100] crystallographic direction. Then the molecules centered at (0,0,0), (1/2,1/2,0), (0,1/2,1/2) and (1/2,0,1/2) are rotated through an angle φ ≠ 3D0^o about the [111], [1¯1¯1], [¯11¯1] and [¯1¯11] directions correspondingly. Each of molecules is in a symmetry position ¯3.

The sc structure of fullerene C_{60} crystal in dependence on the external pressure was investigated in experiments [32,39-42]. It was found that the solid C_{60} is stable when the external pressure is below 100 kbar. In the region above about 100 kbar, the C_{60} crystal transforms from a sc structure phase to a low-symmetry insulator phase [32, 39].

Let’s write out the free energy of C_{60} crystal which is under the action of uniform external pressure P at the temperature T F = 3DU(a, φ) + E − T S + P V, (1) where U is the lattice energy (the potential energy of interaction between the molecules), E is the vibrational part of energy, S is an entropy, V = 3D^{a3}_4 is a volume of the unit cell of cubic crystal per a molecule. At low temperatures the vibrations and entropy factor have not much significance and the equilibrium crystal structure is determined by the minimum of free energy F̃ : F̃ = 3DU(a, φ) + P a^3 4 . (2)

Within the framework of atom-atom potential method [5] the energy of interaction between the molecules is determined as a sum of pair interactions of atoms i and j which belong to the different molecules μ and μ0:

U = 3D 1 2 ∑ μμ^0 U_{μμ}0 (|r_{μi} − r_μ0_j|). (3)

Concerning the choice of the function U_{μμ}0 the following should be mentioned. An attempt to use the intermolecular Lennard-Jones (12-6) potential which is known for graphite has shown this potential describes the molecular dynamics of C_{60} crystal insatisfactory [8]. Therefore, a discrimination between single and double bonds was taken into account by locating both additional interaction sites at the centers of the double bonds and charges at these centers and carbon atoms. For the further improvement of this model the authors [16] have proposed to consider Coulomb potential with accounting of the error function. The authors [15] besides the Lennard-Jones potential have taken into consideration the noncentral interaction which can appear due to overlapping the orbitals of neighbouring molecules. To solve the dynamic problem for C_{60} crystal the atom-atom Buckingham (6-exp) potential has been used too [14, 17-18].

In the present paper the function U_{μμ}0 includes two contributions [12]: an atom-atom Lennard-Jones (12-6) potential and electrostatic potential of charges located on the single bonds and double ones U_{μμ}0 = 3D4ε 60∑ i,j=3D1 [( σ jrμi � rμ0jj )_{12}

�^{( σ}j_{rμi} �_{rμ0j} j^{)6} ] + 90∑ m,n=3D1 qmqn jrμm � rμ0 nj^{, (4)} where r_{μi} and r_{μm} are the coordinates of ith carbon atom and mth bond center in molecule μ respectively, q_m is an effective charge of mth bond: it equals to q in the case of single bond and −2q for the double one.

Minimizing the free energy (2) over parameters a and φ at a constant pressure was carried out in approximation of rigid molecules under the condition of remaining symmetry of the crystal. It was taken into account only twelve nearest neighbours of each C_{60} molecule located within the radius sphere a/ √ 2. The contribution of more remote molecules is insignificant.

Our calculations showed that the following values of intermolecular potential parameters ε=3D2.935 meV, σ=3D3.47 Å and q = 3D0.27 e (e is an elementary charge) give an opportunity to obtain the solid C_{60} structure close to experimental one in the absence of external pressure (P = 3D0) [24- 25].

The figure 1 exhibits the dependence of the lattice energy U on the setting angle of molecules φ at P = 3D0. As we can see the minimum of the lattice energy equals to U_{min} = 3D − 1911 meV. It is reached at φ = 3D23.8^o . This minimum is due to the contribution of a Lennard- Jones (12-6) potential on about 90 per cents (the curve 1 on figure 1). The result obtained is in good agreement with the available experimental data: φ = 3D26^o [24] and φ = 3D22^o [25] at the temperature T = 3D4.2 − 5 K.

The figure 2 represents the dependence of the crystal lattice parameter on the external pressure. When the pressure is increased from 0 to 100 kbar the lattice constant decreases with a rate of 0.004-0.014 Å/kbar. It must be pointed out that at pressure P = 3D100 kbar the volume of C_{60} crystal decreases on about 15 per cents in comparison with its initial one.

3. Study of the vibrational spectrum of fullerene C_{60} crystal

Let’s calculate the vibrational spectrum of solid C_{60} using the obtained structure. In the harmonic approximation the frequencies and eigenvectors

Figure 1. Dependence of the lattice energy on the setting angle of molecules calculated by the atom-atom potentials method at the temperature T = 3D4.2 − 5 K and external pressure P = 3D0.

of crystal vibrations can be found from the equation [5]

ω^2e_{μs} = 3D ∑ μ^0s^0

D_{μsμ}0_s0 e_μ0_s0 , (5)

where e_{μs} is the sth component of displacement vector of the μth molecule, D_{μsμ}0_s0 is a symmetric dynamic matrix which describes the elastic interaction at translational and librational motions of the molecules and their coupling:

D_{μsμ}0_s0 = 3D(M^sM^{s0} )�^{1/2} ∑ b Λ^b_{μsμ}0_s0 e^{i⃗k ⃗Rb} . (6)

Here the sum is carried out over all units of the C_{60} crystal. M^s means either mass of the C_{60} molecule (M = 3D720 a.u.m) if index s corresponds to the translational motions or the inertia moments of this molecule (I_x = 3DI_y = 3D6.2 · 10^3 Å^2 a.u.m., I_z = 3D5.9 · 10^3 Å^2 a.u.m., z ‖ C_2) if index s corresponds to the librational motions. The values of the force constants Λ^b_{μsμ}0_s0 are calculated in the equilibrium state according to the

Figure 2. Calculated dependence of the lattice constant on the external pressure at the temperature T = 3D4.2−5 K.

formulas [43]. At the value of wave vector ⃗k = 3D0 the dynamic problem (5) is solved for translational and librational motions of the molecules in a crystal separately.

The symmetry analysis of the dynamic matrix of solid C_{60} [11] has shown that for the pure librational vibrations of the lattice of C_{60} crystal its symmetry dynamic matrix of order 12 × 12 consists of eight independent components only:

d_1 = 3DD_{1x1x}; d_2 = 3DD_{1x1y}; d_3 = 3DD_{1x2x}; d_4 = 3DD_{1x2y}; d_5 = 3DD_{1x2z}; d_6 = 3DD_{1x3x}; d_7 = 3DD_{1x3z}; d_8 = 3DD_{1x4x}. (7)

For the pure translational vibrations of the lattice of C_{60} crystal its symmetry dynamics matrix of order 12 × 12 includes only five independent components (the additional conditions on the dynamic matrix elements appear owing to the existence of threefold degenerated acoustic mode) [11]:

d_1 + d_3 + d_6 + d_8 = 3D0; d_7 = 3D − d_2; d_5 = 3Dd_4. (8)

The classification of intermolecular modes at ⃗k=3D0 can be found by a positional symmetry method [6]

= 83 = 3DA_g + E_g + 3F_g + A_u + E_u + 3F_u, (9)

where the even (g) representations are related to the librational modes and odd (u) ones to the translational modes of C_{60} molecule in a crystal. All even modes are Raman active, one of the F_u modes is acoustic and only two modes F_u are infrared active.

Finally, for undegenerated modes A_g and A_u the frequencies are equal to [11]:

ω^2(A_g) = 3D d_1 + 2d_2 + d_3 − 2d_4 − 2d_5 − d_6 − 2d_7 − d_8,

ω^2(A_u) = 3D 2(d_1 + 2d_2 + d_3 − 2d_4). (10)

For twofold degenerated modes E_g and E_u the frequencies are equal to [11]:

ω^2(E_g) = 3D d_1 − d_2 + d_3 + d_4 + d_5 − d_6 + d_7 − d_8,

ω^2(E_u) = 3D 2(d_1 − d_2 + d_3 + d_4). (11)

For threefold degenerated modes F_g and F_u the frequencies can be found from the following characteristic equation: | | | | | C_{11} − ω^2 C_{12} C_{13} C_{12} C_{22} − ω^2 C_{23} C_{13} C_{23} C_{33} − ω^2 | | | | | = 3D0, (12)

where for the librational vibrations

C_{11} = 3Dd_1 + d_3 + d_6 + d_8; C_{22} = 3Dd_1 − d_3 + d_6 − d_8; C_{12} = 3Dd_2 − d_4 + d_5 + d_7; C_{23} = 3Dd_2 + d_4 + d_5 − d_7; C_{13} = 3Dd_2 + d_4 − d_5 + d_7; C_{33} = 3Dd_1 − d_3 − d_6 + d_8,

(13)

and for the translational vibrations with account of expression (8) we have:

C_{11} = 3DC_{12} = 3DC_{13} = 3D0; C_{22} = 3D2(d_1 + d_6);

C_{23} = 3D2(d_2 + d_4); C_{33} = 3D − 2(d_3 + d_6). (14)

The obtained expressions (13) and (14) differ from the result [11] owing to multiple choice of the normal vibrations forms for the C_{60} crysral [44]. They have more simple form in our case.

The obtained above parameters for the potential (4) turned out to be insatisfactory for the calculation of intermolecular frequencies being compared with the experimental data [27]. By means of potential simulation the following values were received: ε = 3D0.059 meV and q = 3D0.03 e (the value of σ was remained constant).

The calculated intermolecular frequencies of C_{60} crystal in the Brillouin zone center at T = 3D4.2 − 5 K and P = 3D0 are represented in table 1. It is seen that all translational modes are located higher then the librational ones. The values obtained for the frequencies are distinguished from the experimental data [26-29] up to 7 percents.

The analysis of formulas (10),(11),(12) and (14) has shown the frequencies of translational modes satisfy the following expressions:

Table 1. Frequencies (in cm�^1) of intermolecular modes ⃗k = 3D0 calculated by the atom-atom potentials method at the temperature T = 3D4.2 − 5 K and external pressure P = 3D0.

theory experiment symmetry T = 3D4.2 − 5K [27] T = 3D10K A_u 35.0 E_u 46.7 F_u 42.9 40.8 F_u 51.0 54.8 A_g 18.6 18.5 E_g 18.5 F_g 17.1 F_g 17.5 F_g 22.0 21.8

{ 3 [ ω_1^2(F_u) + ω_2^2(F_u) ] + 2ω^2(E_u) + ω^2(A_u) } /12 = 3D d_1, { 2ω^2(E_u) + ω^2(A_u) − 3 [ ω_1^2(F_u) + ω_2^2(F_u) ]} /12 = 3D d_3. (15) [ ω_1^2(F_u) − ω_2^2(F_u)

]_2

= 3D 4 [ (d_6 − d_8)^2 + 4(d_2 + d_4)^2 ] , ω^2(E_u) − ω^2(A_u) = 3D 6(d_4 − d_2). (16)

Figure 3. Calculated dependence of the translational frequencies on the external pressure at the temperature T = 3D4.2 − 5 K.

The numerical calculations carried out for the pure translational vibrations have shown that d_6 ≈ d_8. Then we can found from equations (8) and

Figure 4. Calculated dependence of the librational frequencies on the external pressure at the temperature T = 3D4.2 − 5 K.

(16):

d_6 = 3D − 1 2 (d_1 + d_3) { 3 [ ω_2^2(F_u) − ω_1^2(F_u) ] + 2 [ ω^2(A_u) − ω^2(E_u) ]} /24 = 3D d_2, { 2 [ ω^2(E_u) − ω^2(A_u) ] − 3 [ ω_1^2(F_u) − ω_2^2(F_u) ]} /24 = 3D d_4. (17)

Thus, all components of the translational dynamic matrix of fullerene C_{60} crystal can be determined from expressions (15) and (17) if the experimental values of frequencies are known. It makes feasible suability to define the parameters of intermolecular potential (4) more precise by.

Figures 3 and 4 depict the dependencies of frequencies for translational modes and librational ones on the external pressure correspondingly. When the pressure is increased from 0 to 100 kbar the librational modes and translational ones shift toward higher frequencies with a rate of 0.35-0.65 cm�^1/kbar and 0.77-1.38 cm�^1/kbar respectively. This results is in good agreement with the experimentally observed values for the librational modes [30]: the strongest libron mode A_g shifts at a rate of 0.37 cm�^1/kbar, while a weaker, higher energy libron mode F_g shifts at a rate of 0.52 cm�^1/kbar.

References

[1] Kroto H.W., Health J.R. et al. C_{60}: Buckminsterfullerene. // Nature, 1985, vol. 318, No 6042, p. 162-163.

[2] Kraetschmer W., Lamb L.D. et al. Solid C_{60}: a new form of carbon. // Nature, 1990, vol. 347, No 6291, p. 354-358.

[3] Hebard A.F., Rosseinsky M.J., Haddon R.C., Murphy D.W., Glarum S.H., Palstra T.T.M., Ramirez A.P., Kortan A.R. Superconductivity at 18 K in potassium-doped C_{60}. // Nature, 1991, vol. 350, No 6319, p. 600-601.

[4] Eickenbusch H., Hartwich P. Fullerene (Technologie-Analyze). VDI Technologiezentrum. Physikalische Technologien, 1993.

[5] Kitaigorodskii A.I. Molecular Crystals. New York, Academic Press, 1973. [6] Mavrin B.N. The classification of translational and orientational vibrations in the crystals. // Optics and Spectroscopy, 1980, vol. 49, No 1, p. 79-85 (in Russian).

[7] Girifalco L.A. Molecular properties of C_{60} in the gas and solid phases. // J.

Phys. Chem., 1992, vol. 96, No 2, p. 858-861.

[8] Sprick M., Cheng A., Klein M.L. Modelling the orientational ordering transition in solid C_{60}. // J. Phys. Chem., 1992, vol. 96, No 5, p. 2027-2029.

[9] Cheng A., Klein M.L. Molecular-dynamics investigation of orientational freezing in solid C_{60}. // Phys. Rev. B, 1992, vol. 45, No 4, p. 1889-1895.

[10] Li X.P., Lu J.P., Martin R.M. Ground state structural and dynamical properties of solid C_{60} from empirical intermolecular potential. // Phys. Rev. B, 1992, vol. 46, No 7, p. 4301-4303.

[11] Yildirim T., Harris A.B. Lattice dynamics of solid C_{60}. // Phys. Rev. B., 1992, vol. 46, No 12, p. 7878-7896.

[12] Lu J.P., Li X.P., Martin R.M. Ground state and phase transitions in solid

C60. // Phys. Rev. Lett., 1992, vol. 68, No 10, p. 1551-1554.

[13] Heid R. Intermolecular interaction and orientational ordering in solid C_{60}: a parameter study. // Phys. Rev. B, 1993, vol. 47, No 23, p. 15912-15922.

[14] Bonadeo H., Halac E., Burgos E. Lattice phonon modes in solid C_{60} studied by far-infrared spectroscopy. // Phys. Rev. Lett., 1993, vol. 70, No 20, p. 3176.

[15] Lipin A.S., Mavrin B.N. Lattice dynamics of the orientationally ordered crys-

tal C60. // Phys. Stat. Sol. B, 1993, vol. 177, No 1, p. 85-93.

[16] Yu J., Bi L. et al. Intermolecular and intramolecular phonons in solid C_{60}:

Effects of orientational disorder and pressure. // Phys. Rev. B, 1994, vol. 49, No 7, p. 5008-5019.

[17] Burgos E., Halac E., Bonadeo H. Intermolecular forces and phase transitions in solid C_{60}. // Phys. Rev. B, 1994, vol. 49, No 22, p. 15544-15549.

[18] Muchtarov E.I., Krasyukov Yu.N. The vibrational spectra and structure of fullerene C_{60} crystal. // Zhurn. Fiz. Chim., 1994, vol. 68, No 6, p. 1065-1070 (in Russian).

[19] Schluter M., Lannoo M., Needels M., Baraff G.A., Tomanek D. Electronphonon coupling and superconductivity in alkali-intercalated C_{60} solid. // Phys. Rev. Lett., 1992, vol. 68, No 4, p. 526-529.

[20] Mazin I.I., Dolgov O.V., Golubov A., Shul’ga S.V. Strong-coupling effects in alcali-doped C_{60} fullerene. // Phys. Rev. B, 1993, vol. 47, No 1, p. 538-541.

[21] Chen G., Goddard W.A. Mechanism of superconductivity in K3C60. // Proc.

Nat. Acad. Sci. USA, 1993, vol. 90, No 4, p. 1350-1353.

[22] Andreev V.A., Prilutskii Yu.I. Investigation of spin-lattice relaxation due to the spin-orbit interacrion in triplet-excited states of impurity molecular crystals. // Phys. Solid State, 1993, vol. 35, No 12, p. 1624-1627.

[23] Andreev V.A., Prilutskii Yu.I. Spin-lattice relaxation studies in the tripletexcited states of impurity molecular crystals. // Low Temp. Phys., 1993, vol. 19, No 12, p. 952-956.

[24] Sachidanandam R., Harris A.B. Orientational ordering transition in solid C_{60}.

// Phys. Rev. Lett., 1991, vol. 67, No 11, p. 1467.

[25] David W.I.F., Ibberson R.M., Matthewman J.C., Prassides K., Dennis T.J.S., Hare J.P., Kroto H.W., Taylor R., Walton D.R.M. Crystal structure and bonding of ordered C_{60}. // Nature, 1991, vol. 353, No 6340, p. 147-149.

[26] Huant S., Robert J.B. et al. Lattice phonon modes in solid C_{60} studied by far-infrared spectroscopy. // Phys. Rev. Lett., 1992, vol. 69, No 18, p. 2666- 2669.

[27] Horoyski P.J., Thewalt M.L.W. Optically detected librons and phonons in crystalline C_{60}. // Phys. Rev. B., 1993, vol. 48, No 15, p. 11446-11449.

[28] FitzGerald S.A., Sievers A.J. Far-infrared properties of C_{60} and C_{70} compacts.

// J. Chem. Phys., 1994, vol. 101, No 9, p. 7283-7289.

[29] Agladze N.I., Zhizhin G.N. et al. The spectrum properties of fullerene crystal in far-infrared range. // Optics and Spectroscopy, 1994, vol. 76, No 2, p. 270-271 (in Russian).

[30] Horoyski P.J., Wolk J.A., Thewalt M.L.W. The pressure dependence of Ra-

56 Yu.I.Prilutskii, V.A.Andreev, G.G.Shapovalov

manactive libron modes in crystalline C_{60}. // Sol. State Commun., 1995, vol. 93, No 7, p. 575-578.

[31] Leclercq F., Damay P., Foukani M., Chieux P., Bellissent-Funel M.C., Rassat A., Fabre C. Precise determination of the molecular geometry in fullerene

C60 powder. // Phys. Rev. B, 1993, vol. 48, No 4, p. 2748-2758.

[32] Iwasa Y., Arima T., Fleming R.M., Siegrist T., Zhou O., Haddon R.C., Rothberg L.J., Lyons K.B., Carter H.L., Hebard A.F., Tycko R., Dabbagh G., Krajewski J.J., Thomas G.A., Yagi T. New phases of C_{60} synthesized at high pressure. // Science, 1994, vol. 264, No 5165, p. 1570-1572.

[33] Fischer J.E., Heiney P.A., McGhie A.R., Romanow W.J., Denenstein A.M., McCauley J.P., Smith A.B. Compressibility of solid C_{60}. // Science, 1991, vol. 252, No 5010, p. 1288-1290.

[34] Yoo C.S., Nellis W.J. Phase transition from C_{60} molecules to strongly interacting C_{60} agglomerates at hydrostatic high pressure. // Chem. Phys. Lett., 1992, vol. 198, No 3/4, p. 379-382.

[35] Snoke D.W., Syassen K., Mittelbach A. Optical absorption spectrum of C_{60} at high pressure. // Phys. Rev. B, 1993, vol. 47, No 7, p. 4146-4148.

[36] Hainey P.A., Fisher J.E. et al. Orientational ordering transition in solid C_{60}.

// Phys. Rev. Lett., 1991, vol. 66, No 22, p. 2911-2914.

[37] David W.I.F., Ibberson R.M., Dennis T.J.S., Hare J.P., Prassides K. Structural phase transitions in a solid C_{60} fullerene molecules. // Europhys. Lett., 1992, vol. 18, No 3, p. 219-225.

[38] Blinc R., Seliger J. et al. Two-dimensional^{13}C NMR study of orientational ordering in solid C_{60}. // Phys. Rev. B, 1994, vol. 49, No 7, p. 4993-5002.

[39] Nunez-Requeiro M., Monceau P., Rassat A., Bernier P., Zahab A. Absence of a metallic phase at high pressure in C_{60}. // Nature, 1991, vol. 354, No 6351, p. 289-291.

[40] Kasatani H. et al. X-ray diffraction study of phase transition in a C_{60} single crystal. // Phys. Rev. B, 1993, vol. 47, No 7, p. 4022-4024.

[41] Samara G.A., Hansen L.V. et al. Effects of pressure and ambient species on the orientational ordering in solid C_{60}. // Phys. Rev.B., 1993, vol. 47, No 8, 4756-4764.

[42] Haines J., Leger J.M. An X-ray diffraction study of C_{60} up to 28 GPA. // Sol. State Commun., 1994, vol. 90, No 6, p. 361-363.

[43] Califano S. In: Vibrational Spectroscopy. Modern Aspects and Development Tendencies. Moscow, Mir, 1981.

[44] Prilutskii Yu.I., Andreev V.A., Shapovalov G.G. Investigation of lattice dynamics for solid C_{60}. // J. Phys. Studies (to be published).

VPLIV TISKU NA STRUKTURU TA KOLIVNI` SPEKTR KRISTALU FULERENU C60

ı.�.Priluc~kiæ, V.O.Andreflv, G.GXapovalov

U zaleınost˛ v˛d zovn˛xn~ogo tisku dosl˛dıena niz~kotemperaturna or˛‚ntac˛ȷno vporffldkovana kristal˛qna faza fulerenu C_{60}. Z vikoristannfflm metod˛v teor˛Ý grup ta atom-atomnih potenc˛al˛v rozrahovano kolivniȷ spektr c~ogo kristalu. Qastoti zovn˛xn˛h fononnih mod vivqen˛ fflk funkc˛Ý tisku. Pripuskalos~, wo energ˛ffl gratki m˛stit~ dva vkladi: potenc˛al Lenarda-Dıonsa (12-6) ta elektrostatiqnu vza‚mod˛ zarffld˛v, lokal˛zovanih na odinarnih ˛ podv˛ȷnih zv’fflzkah molekuli C_{60}. Otriman˛ rezul~tati dobre uzgodıut~sffl z ˛snuqimi eksperimental~nimi danimi.