PACS 31.20.Pv, 31.50.+w, 33.10.-n, 61.46.+w, 63.20.-e, 71.20.Ej, 76.30.-v

SPIN-LATTICE RELAXATION IN THE PHOTOEXCITED TRIPLET STATE OF SOLID C60:

CONSIDERATION OF SPIN-ORBITAL INTERACTION

Yu.I.Prilutski

Kyiv T.Shevchenko National University, Physics Faculty, 64 Volodymyrska St., UA{252033 Kyiv, Ukraine

Received March 7, 1997

The spin-lattice relaxation (SLR) mechanism based on the energy modulation of spin-orbital interaction (SOI) has been investigated in the photoexcited triplet states of a fullerene crystal C_{60}. This modulation emerges as a result of admixture of rotational motions of a molecule and vibrational motions of the nuclei to the translational molecular motions at the acoustic lattice vibrations. Simple expressions for SLR rates of direct one-phonon processes are obtained using the atom-atom potentials and molecular orbitals (MO) methods. The influence of the dynamic Jahn-Teller (JT) effect in a molecule C_{60} on the SLR rates is analyzed. A comparison of the calculated values for SLR time with available experimental data is carried out.

1. Introduction

The discovery of fullerene molecules [1] and a simple method to condense them to a solid phase found by [2] have boosted studies of the physics and chemistry of these interesting molecules. One of the important electronic properties of fullerene molecules concerns the excited triplet state which has been observed in the experiments [3-12] by ODMR, EPR and ESR techniques. The relaxation processes between spin sublevels of excited triplet states in a solid phase of C_{60} are studied to obtain information about the excited state [12].

In the present paper the SLR of the photoexcited triplet states in a fullerene crystal C_{60} is investigated using a spin-phonon interaction mechanism [13-14] which is based on the energy modulation of SOI. In organic molecular crystals the amplitude displacement vector for acoustic phonons consists of the vibrational components and the components describing intramolecular displacements of the nuclei from an equilibrium position. These types of motions cause the rotation of molecules and alter the intramolecular distributions of the electron density. In this case the anisotropic spin-spin interactions are modulated by low-frequency acoustic vibrations and the following channels of SLR in the triplet excited states are realized: the TRM mechanism (the mixing of translational and rotational motions of a molecule) [15-17] and the TVM mechanism (the mixing of translational motions of a molecule and vibrational motions of the nuclei) [18-19]. On the other hand, analysis of the TRM and TVM of motions has shown that these types of motion can modulate SOI too [13-14]. SOI gives a contribution to the zero-field splitting and induces relaxation transitions between spin sublevels of the triplet excited states.

cfl Yu.I.Prilutski, 1997

ISSN 0452–9910. Condensed Matter Physics 1997 No 11 (51–60) 51

The field, angular and temperature dependencies of SLR rates for direct one-phonon processes have been investigated by the atom-atom potentials [20] and MO [21-22] methods. The influence of the dynamic JT effect in a molecule C_{60} [23] on SLR rates is analyzed. A comparison of the calculation results for SLR time with the available experimental data [12] is carried out.

2. Hamiltonian of the problem

Let us consider the photoexcited triplet state in a fullerene C_{60} crystal. The crystal is located in a magnetic field with strength ⃗B. Assume that the spin energy in the magnetic field exceeds considerably the SOI energy, so spin sublevels can be classified by a spin projection on the magnetic field σ (σ = 0, ±1). According to the results [13-14] the Hamiltonian of SOI can be presented in the form (we have used the second order perturbation theory) H_{SOI} = ∑ μ,ν D_{μν} S_μS_ν , (1)

where in the system of principal axes of the photoexcited molecule C_{60} (symmetry group I_h) D_{μμ} = ∑ n [ E^0_n − E^0_T ]_{−1} B^n_μ (B^n_μ )^∗. (2)

Here μ denotes the molecular axes X, Y and Z; E^0_n and E^0_T are the energies of the singlet and triplet states in the zeroth approximation, respectively;

B^n_μ = e^2~ 4m^2c^2 ∑ k Z^∗_k ⟨T | L^μ_{1k} R^3_{1k} − L^μ_{2k} R^3_{2k} |n⟩, (3) where Z^∗_k is the effective Slater charge of the kth nucleus of a carbon atom; L^μ_{1k} is the μth component of the orbital moment of the first π-electron given in the coordinates of the kth nucleus; R_{1k} is the distance between the first π-electron and the kth nucleus.

Let us analyze the possible SLR channels in the triplet excited states of a fullerene molecule C_{60} proceeding from the Hamiltonian (1).

1. The interaction of the spin system with an acoustic wave takes place due to a variation of D_{μμ} components, caused by the rotations of molecules upon a displacement of their mass centers (mechanism 1). This interaction is described by the Hamiltonian [13-14]

δH^{(1)}_{SOI} = ∑ μ ∂H_{SOI} ∂Θ_μ δΘ_μ(t), (4)

where δΘ_μ(t) is an angle of infinitesimal rotation of the photoexcited molecule around its μth principal axis of inertia:

δΘ_μ(t) = ∑ ⃗f j [~ 2NI_μω ⃗_{fj} ]_{1/2} e_μ( ⃗fj) [ q^+_{⃗f j} exp ( iω ⃗_{f j} t ) + h.c. ] . (5)

Here N is the number of unit cells in a crystal; I_μ is the μth component of inertia moment; ⃗f is the phonon wave vector; e_μ( ⃗fj) is the μth polarization vector component; q^+_{⃗fj} is the phonon creation operator of the jth acoustic branch; ω ⃗_{f j} is vibration frequency described by the dispersion law ω ⃗_{f j} = [∑ μ f^2_μ v^2_{μ, ⃗f j} ]_{1/2} , (6)

where v_{μ,} ⃗_{f j} is the μth component of the phase velocity.

We choose the coordinate system with Z|| ⃗B. Then the spin-phonon interaction (4) can be rewritten as [13-14]

δH^{(1)}_{SOI} = ∑ μ,M T^2_M P^M_μ δΘ_μ(t), (7)

where T^2_M is an irreducible tensor operator [24]; the non-zero values of the constants P^M_μ are linear combinations of the quantities D_{μμ} (2):

P^{±1}_X = i (D_{ZZ} − D_{Y Y} ) , P^{±1}_Y = ± (D_{ZZ} − D_{XX} ) , P^{±2}_Z = ±i (D_{XX} − D_{Y Y} ) . (8) 2. The change of the nuclei configuration of a molecule in the field of an acoustic wave is due to the modulation of SOI which induces the SLR between spin sublevels of the triplet excited state (mechanism 2). According to the results [13-14] the corresponding spin-phonon interaction Hamiltonian is given by

δH^{(2)}_{SOI} = ∑ k,μ ∂H_{SOI} ∂R_{kμ} δR_{kμ}(t), (9) where δR_{kμ} is the μth component of the displacement of the kth nucleus: δR_{k,μ}(t) = ∑ ⃗f j [~ 2NMω ⃗_{f j} ]_{1/2} e_{kμ}( ⃗fj) [ q^+_{⃗fj} exp ( iω ⃗_{f j} t ) + h.c. ] . (10)

Here M is the mass of the carbon atom nucleus; e_{kμ}( ⃗fj) is the μth component of the amplitude displacement of the kth nucleus.

In the coordinate system with Z|| ⃗B the Hamiltonian (9) can be rewritten as [13-14]:

δH^{(2)}_{SOI} = ∑ k ∑ μ,M T^2_M P^M_{kμ} δR_{kμ}(t). (11)

The Non-zero values of the quantities P^M_{kμ} are equal to

P^0_{kX} = −

(_2 3 )_{1/2} D^k_{XX} , P^0_{kY} = −

(_2 3 )_{1/2} D^k_{Y Y} ,

P^0_{kZ} = 2

(_2 3 )_{1/2} D^k_{ZZ} , P^{±2}_{kX} = D^k_{XX} , P^{±2}_{kY} = −D^k_{Y Y} , (12)

where D^k_{μμ} = ∑ n [ E^0_n − E^0_T ]_{−1} B̃^n_μ (B̃^n_μ )^∗ (13) and B̃^n_μ = e^2~ 2m^2c^2 Z^∗_k ⟨T | R_{1kμ}L^μ_{1k} R^5_{1k} − R_{2kμ}L^μ_{2k} R^5_{2k} |n⟩. (14) Expressions for the calculation of transition probabilities in the approximation of a high magnetic field are presented in Sec.3.

3. Direct one-phonon relaxation processes

1. Regarding the operator (7) as a perturbation we calculate the SLR transitions probability between spin sublevels σ and σ^′ of the photoexcited molecule (mechanism 1) [13-14]

W^{(1)}_{σσ}0 = |σ − σ^′| 2h^2 ∑ μ,ν I_{μν} (ω_{σσ}0 )A^{σ−σ0}_μ A^{σ−σ0}_ν , (15) where A^{σ−σ0}_μ = ∑ M D^2_{M σ−σ}0 P^M_μ . (16)

Here D^2_{M σ−σ}0 are the Wigner functions [24] describing the orientation of the magnetic field vector ⃗B relative to the equilibrium position of the molecular axes.

Dependence of relaxation transition rates on temperature and magnetic field is given by the correlation function I_{μν} (ω):

I_{μν} (ω) = ∞∫ −∞ ⟨δΘ_μ(t)δΘ_ν (0)⟩_T exp(iωt)dt. (17)

Averaging in (17) is performed over the equilibrium distribution of phonons.

The main difficulty in the calculation of the SLR rates from formula (15) is finding the quantities P^M_μ (8) with the help of quantum-chemical methods (in particular, the Parizer-Parr-Pople (PPP) MO method in combination with the configuration interaction (CI) [21-22]), and also the correlation function (17) from the microscopic theory. For these calculations we need exact data on the constants characterizing the lattice dynamics of a real C_{60} crystal with taking into account the photoexcited molecule influence (the observed EPR spectra indicate that the geometry of the C_{60} molecule is distorted from the soccerball geometry in the excited triplet state [4]).

However, at the frequencies considerably less than the limiting frequency of acoustic phonons the photoexcited molecule effects are insignificant [15] and during the calculation of I_{μν} (ω) we can use the lattice dynamics data for an ideal C_{60} crystal [25]. In this approximation for the correlation function (17) we have

I_{μν} (ω) =

~V_0 2π T_{μν} ω^3 [ 1 − exp ( − ~ω kT )]_{−1} , (18)

where V_0 is the volume of a unit cell of the crystal and

T_{μν} = (I_μI_ν )^{−1/2} ∑ j ⟨e_μ( ⃗fj)e_ν ( ⃗fj)f^{−2}v^{−5}_{⃗f j} ⟩ ⃗_f . (19) Averaging in (19) is performed over all possible orientations of the wave vector ⃗f. It is noted that the matrix T_{μν} in the system of principal axes of the molecule C_{60} is a diagonal one.

In the present paper the values of T_{μμ} were found from the analysis of the lattice dynamics equations in the longwave approximation ( ⃗f → 0), when the TRM can be taken into account through the perturbation theory [16-17].

The quantities T_{μμ} were calculated numerically using the atom-atom potential method [20] and the data of solid C_{60} structure at low temperature T = (4.2 − 5)K (symmetry group P a3, z = 4, a_0 = 14.04 Å [26-27]). It was found that T_{XX} ≈ T_{Y Y} ≈ T_{ZZ} = T_0 = 3.50 · 10^{10}s^5/(kg · m^5).

These results allow us to obtain the following approximate expressions for the SLR rates in the case of direct one-phonon processes

W^{(1)}_{10} = aω^3 [ 1 − exp ( − ~ω kT )]_{−1} [ 1 + 29.8 cos^2 φ + 20.7 cos^2 2φ ] , (20)

W^{(1)}_{1−1} = 16aω^3 [ 1 − exp ( − 2~ω kT )]_{−1} [ 35.9 − 29.8 cos^2 φ − 5.2 cos^2 2φ ] , (21)

where a = V_0T_0 4π~ ( D_{XX} − D_{Y Y} )_2 . (22)

Here φ is the angle between the magnetic field vector ⃗B and the X molecular axis; ω is the Larmor frequency. For the photoexcited molecule in a fullerene C_{60} crystal the constant of the spin-phonon interaction is equal to a = 0.56 · 10^{−33}s^2.

2. Considering operator (11) to be a perturbation we calculate the SLR transition probability between spin sublevels σ and σ^′ of the photoexcited molecule (mechanism 2) [13-14]

W^{(2)}_{σσ}0 = |σ − σ^′| 2h^2 ∑ k,k^0 ∑ μ,ν I^{kk0}_{μν} (ω_{σσ}0 )A^{σ−σ0}_{kμ} A^{σ−σ0}_k0_ν , (23)

where A^{σ−σ0}_{kμ} = ∑ M D^2_{M σ−σ}0 P^M_{kμ} . (24)

Dependence of relaxation transition rates on the temperature and magnetic field is given by the correlation function I^{kk0}_{μν} (ω):

I^{kk0}_{μν} (ω) = ∞∫ −∞ ⟨δR_{kμ} (t)δR_k0_ν (0)⟩_T exp(iωt)dt. (25)

The quantities P^M_{kμ} (12) in formula (24) were calculated by the PPP MO method in combination with CI [21-22]. For the correlation function (25) the following expression has been obtained (in the same approximations which were used by deriving formula (18) for the correlation function (17))

I^{kk0}_{μν} (ω) =

~V_0 2π T^{kk0}_{μν} ω^5 [ 1 − exp ( − ~ω kT )]_{−1} , (26)

where T^{kk0}_{μν} = 1 M ∑ j ⟨e_{kμ}( ⃗fj)e_k0_ν ( ⃗fj)f^{−4}v^{−7}_{⃗f j} ⟩ ⃗_f . (27) It is noted that matrix T^{kk0}_{μν} in the system of principal axes of the molecule C_{60} is a diagonal one.

We shall find the values of T^{kk0}_{μμ} from the analysis of the lattice dynamics equations in the longwave approximation ( ⃗f → 0), when the TVM can be taken into account through the perturbation theory [18-19].

Quantities T^{kk0}_{μμ} were calculated numerically using the atom-atom potentials method [20] and the molecular dynamics data for a fullerene C_{60} [28] and the lattice dynamics and structure data of a solid C_{60} at low temperature [25-27]. It was found that T^{kk0}_{XX} ≈ T^{kk0}_{Y Y} ≈ T^{kk0}_{ZZ} = T^{kk0}_0 .

Taking into consideration the obtained results for the parameters T^{kk0}_{μμ} we can simplify expression (23) for the transition probabilities

W^{(2)}_{10} = bω^5 [ 1 − exp ( − ~ω kT )]_{−1} sin^2 2φ, (28)

W^{(2)}_{1−1} = 16bω^5 [ 1 − exp ( − 2~ω kT )]_{−1} [ 1.6 − 1.4 sin^2 φ + sin^4 φ ] , (29)

where b = V_0 2π~ ∑ k<k^0 T^{kk0}_0 [ D^k_{Y Y} D^{k0}_{Y Y} + D^k_{ZZ} D^{k0}_{ZZ} ] . (30)

For the photoexcited molecule in a fullerene C_{60} crystal the constant of the spin-phonon interaction is equal to b = 0.23 · 10^{−52}s^4.

The value of SLR time in mechanism 1 (i = 1) and mechanism 2 (i = 2) can be calculated by the equation:

T^i_1 = ( W^{(i)}_{10} + 2W^{(i)}_{1−1} )_{−1} . (31)

4. Discussion

Let us analyze expressions (20-21) and (28-29) for relaxation transition probabilities obtained by using mechanism 1 and mechanism 2, correspondingly.

SLR rates for the direct one-phonon processes in mechanism 1 and mechanism 2 have different angular dependencies. It allows us to investigate the relaxation processes in a selective way.

SLR rates for the direct one-phonon processes in mechanism 1 and mechanism 2 have the same temperature dependencies and different magnetic field ones. In the limit cases we have: W^1 ∼ T ω^2 and W^2 ∼ T ω^4 at ~ω/(kT ) ≪ 1 and W^1 ∼ ω^3 and W^2 ∼ ω^5 at ~ω/(kT ) ≫ 1. Consequently, relaxation processes can be investigated in different regions of the magnetic field.

Numerical values of SLR time in mechanism 1 and mechanism 2 at different temperature and magnetic fields are given in the table for φ = π/2 ( ⃗B||Z, the molecular axis Z is orientated along the axis of symmetry C_2 in a fullerene C_{60}). As we can see at low magnetic fields (B < 1T ) the values of SLR time in mechanism 2 (see 2 in the table) are of the same order as in mechanism 1 (see 1 in the table). But the contribution of mechanism 2 decreases as compared to mechanism 1 with the increase of the magnetic field (B ¿ 1T ). The dominant role of mechanism 1 in comparison with mechanism 2 is explained by the strong TRM of motions [16-17,25] and the weak TVM of motions [18-19].

A comparison with the available experimental data for paramagnetic centers in a polycrystalline C_{60} [12] shows that the calculated SLR times are in satisfactory agreement with experimental ones (see the table). It is confirmed by the relative correction constants of the spin-phonon coupling calculated by us without any fitting parameters in the case of the pho-

SLR T_1, s mechanism B = 0.3 T B = 1 B = 5 T = 4.2 K 1 2.1 · 10^{−3} 1.5 · 10^{−4} 2.5 · 10^{−6} 2 0.5 · 10^{−3} 3.2 · 10^{−6} 2.1 · 10^{−9} (0.7 · 10^{−3})^∗ T = 10 1 0.9 · 10^{−3} 0.7 · 10^{−4} 1.9 · 10^{−6} 2 2.1 · 10^{−4} 1.6 · 10^{−6} 1.5 · 10^{−9} T = 15 1 0.6 · 10^{−3} 0.5 · 10^{−4} 1.5 · 10^{−6} 2 1.5 · 10^{−4} 1.3 · 10^{−6} 1.2 · 10^{−9} T = 20 1 0.5 · 10^{−3} 0.4 · 10^{−4} 1.3 · 10^{−6} 2 1.2 · 10^{−4} 1.0 · 10^{−6} 0.9 · 10^{−9} (0.5 · 10^{−3})^∗

Table 1. Calculated values of SLR time for different magnetic fields and temperatures caused by: 1,2 - relaxation mechanism investigated. )^∗ - the experimental data [12].

toexcited molecule. Thus, the SOI effect consideration is necessary in the investigation of the excited triplet states in fullerene crystals.

It is important to emphasize that the results of the calculation are sensitive to the accuracy of the lattice dynamics computations. For example, a 15-20 per cent error in the sound velocity determination [25] causes a change in the values of T_{μμ} (19) andT^{kk0}_{μμ} (27) and, correspondingly, in the SLR times by twice.

Let us analyze the influence of the dynamic JT effect in a molecule C_{60} on the values of SLR time. The JT distortions of intramolecular vibrational modes for a C^−_{60} anion radical are observed in experiment [29]. Changes of the JT active frequencies as regards the neutral molecule C_{60} are 3-19 per cent. As the values of T^{kk0}_{μμ} (27) are proportional to the fourth power of the vibration frequency [18-19], the values of SLR time in mechanism 2 can increase approximately by a factor of (1.1-1.8). Besides, JT distortions take place in the triplet excited state of C_{60} [4-5,7-8,30]. However, the D_{μμ} (2) (mechanism 1) and D^k_{μμ} (13) (mechanism 2) parameters changes due to the dynamic JT effect are small and their contribution to the SLR time is less than 7 per cent.

The obtained values of the SLR time carry information on the lattice dynamics. In particular, it concerns the coupling between translations and rotations of the molecules, and also between vibrational nuclei motions and translational ones of molecules in a solid C_{60}, which is difficult to detect by using other effects at low temperature. Besides, a comparison of the values T_{μμ} (19) and T^{kk0}_{μμ} (27), obtained experimentally from the data of measuring the SLR time at different magnetic field orientations, can be used for determining the lattice parameter of a fullerene crystal C_{60}.

References

[1] Kroto H.W., Heath J.R., O’Brein S.C., Curl R.F., Smalley R.E. C_{60}: Buckminsterfullerene. // Nature, 1985, vol. 318, No 6042, p. 162-163.

[2] Kratschmer W., Lamb L.D., Fostiropoulos K., Huffman D.R. Solid C_{60}: a new form of carbon. // Nature, 1990, vol. 347, No 6291, p. 354-358.

[3] Wasielewski M.R., O’Neil M.P., Lykke K.R., Pellin M.J., Gruen D.M. Triplet states of fullerenes C_{60} and C_{70}: Electron paramagnetic resonance spectra, photophysics, and electronic structures. // J. Am. Chem. Soc., 1991, vol. 113, No 7, p. 2774-2776.

[4] Terazima M., Hirota N., Shinohara H., Saito Y. Time-resolved EPR investigation of the triplet states of C_{60} and C_{70}. // Chem. Phys. Lett., 1992, vol. 195, No 4, p. 333-338.

[5] Bennati M., Grupp A., Mehring M., Dinse K.P., Fink J. Pulsed EPR on the photoexcited triplet state of C_{60} fullerene. // Chem. Phys. Lett., 1992, vol. 200, No 5, p. 440-444.

[6] Lane P.A., Swanson L.S., Ni Q.-X., Shinar J., Engel J.P., Barton T.J., Jones L. Dynamics of photoexcited states in C_{60}: An optically detected magnetic resonance, ESR, and light-induced ESR study. // Phys. Rev. Lett., 1992, vol. 68, No 6, p. 887-890.

[7] Closs G.L., Gautam P., Zhang D., Krusic P.J., Hill S.A., Wassermann E.

Steady-state and time-resolved direct detection EPR spectra of fullerene triplets in liquid solution and glassy matrices. Evidence for a dynamical Jahn- Teller effect in triplet C_{60}. // J. Phys. Chem., 1992, vol. 96, No 13, p. 5228- 5231.

[8] Regev A., Gamliel D., Meiklyar V., Michaeli S., Levanon H. Dynamics of^3C_{60} probed by electron paramagnetic resonance. Motional analysis in isotopic and liquid crystalline matrices. // J. Phys. Chem., 1993, vol. 97, No 15, p. 3671- 3679.

[9] Palewska K., Sworakowski J., Chojnacki H. A photoluminescence study of fullerenes: Total luminescence spectroscopy of C_{60} and C_{70}. // J. Phys. Chem., 1993, vol. 97, No 47, p. 12167-12172.

[10] Matsushita M., Frens A.M., Groenen E.J.J., Poluektov O.G., Schmidt J.

Triplet excitations of crystalline C_{60}. // Chem. Phys. Lett., 1993, vol. 214, No 3/4, p. 349-352.

[11] Angerhofer A., von Schutz J.U., Widmann D., Muller W.H., ter Meer H.U., Sixl H. The triplet state of C_{60} studied by zero-field absorption-detected magnetic resonance. // Chem. Phys. Lett., 1994, vol. 217, No 4, p. 403-408.

[12] Hoffmann S.K., Hilczer W., Kempinski W., Stankowski J. Electron spin echo and EPR studies of paramagnetic centers in polycrystalline C_{60}. // Sol. State Commun., 1995, vol. 93, No 3, p. 197-202.

[13] Andreev V.A., Prilutski Yu.I. Investigation of spin-lattice relaxation, due to the spin-orbit interaction, in triplet-excited states of impure molecular crystals. // Fizika Tverdogo Tela, 1993, vol. 35, No 12, p. 3301-3307 (in Russian).

[14] Prilutski Yu.I., Andreev V.A. Study of spin-lattice relaxation in the excited triplet states of impurity molecular crystals induced by spin-orbital interaction. // Mol. Crys. Liq. Cryst., 1997, vol. 290, No 1, p. 67-74.

[15] Sugakov V.I., Shtepa Yu.D. Spin-lattice relaxation theory of excited triplet state impurities in molecular crystals. // Phys. Stat. Sol. (b), 1983, vol. 116, No 4, p. 633-638.

[16] Andreev V.A, Prilutski Yu.I. Investigation of spin-lattice relaxation in the excited triplet states of impurity molecular crystals. // Fiz. Niz. Temp., 1993, vol. 19, No 12, p. 1341-1346 (in Russian).

[17] Andreev V.A., Prilutski Yu.I. Investigation of spin-lattice relaxation in the excited triplet states of impure molecular crystals induced by the translational and rotational motions of the molecule. // Mol. Cryst. Liq. Cryst., 1996, vol. 289, No 4, p. 255-263.

[18] Andreev V.A., Prilutski Yu.I. Theory of spin-lattice relaxation of tripletexcited states of impure molecular crystals, based on modulation of the finestructure tensor by intramolecular vibrations of nuclei. // Fizika Tverdogo Tela, 1992, vol. 34, No 7, p. 2204-2212 (in Russian).

[19] Andreev V.A., Prilutski Yu.I. Investigation of spin-lattice relaxation in the excited triplet states of impurity molecular crystals induced by the translational molecule motions and intramolecular nuclei vibrations. // Mol. Cryst. Liq. Cryst., 1997, vol. 290, No 2, p. 121-126.

[20] Kitaigorodskii A.I. Molecular crystals, New-York, Academic Press, 1973. [21] Laszlo I., Udvardi L. On the geometrical structure and UV spectrum of the truncated icosahedral C_{60} molecule. // Chem. Phys. Lett., 1987, vol. 136, No 5, p. 418-422.

[22] Fagerstrom J., Stafstrom S. Fundamental excitations in C_{60}. // Phys. Rev.

B, 1993, vol. 48, No 15, p. 11367-11374.

[23] Golod P.I., Loktev V.M. Symmetry of vibrational and electron-vibrational states of fullerene molecule. // Ukr. Fiz. Zhurn., 1992, vol. 37, No 6, p. 818- 823 (in Russian).

[24] Varshalovich D.A., Moskalev A.N., Khersonskii V.K. Quantum theory of angular momentum. Singapore, World Scientific, 1987.

[25] Prilutski Yu.I., Andreev V.A., Shapovalov G.G. Effect of pressure on the structure and intermolecular phonons in solid C_{60}. // Cond. Matt. Phys., 1997, No 9.

[26] David W.I.F., Iblerson 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.

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

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

[28] Prilutski Yu.I., Andreev V.A., Durov S.S., Kapitanchuk A.L., Shapovalov G.G. Molecular dynamics of fullerenes and fullerides. // Mol. Mat., 1996, vol. 7, No 1/4, p. 213-216.

[29] Asai Y. Jahn-Teller mechanism of the half width of the intramolecular vibrational spectrum in doped C_{60}. // Phys. Rev. B., 1994, vol. 49, No 6, p. 4289-4294.

[30] Kato T., Kodama T., Oyama M., Okazaki S., Shida T., Nakagawa T., Matsui Y., Suzuki S., Shiromaru H., Yamauchi K., Achida Y. ESR and optical studies of the radical anion of C_{60}. // Chem. Phys. Lett., 1991, vol. 186, No 1, p. 35.

SP¨N-GRATKOVA RELAKSAC¨ U FOTOZBUD”ENOMU TRIPLETNOMU STAN¨ FULERITU S60: ROZGLD SP¨N-ORB¨TAL^NOÕ VZA˝MOD¨Õ

ı.�.Priluc~kiæ

Dosl˛dıeno mehan˛zm sp˛n-gratkovoÝ relaksac˛Ý (SGR) u fotozbudıenih tripletnih stanah kristala fulerenu S60, wo zumovleniȷ modulfflc˛‚ energ˛Ý sp˛n-orb˛tal~noÝ vza‚mod˛Ý (SOV). Cffl modulfflc˛ffl vinika‚ fflk rezul~tat prim˛xuvannffl obertal~nih ruh˛v ta kolival~nih ruh˛v fflder molekuli do ÝÝ translfflc˛ȷnih ruh˛v pri akustiqnih kolivannfflh gratki. Z vikoristannfflm metod˛v atom-atomnih potenc˛al˛v ta molekulfflrnih orb˛taleȷ (MO) otriman˛ prost˛ virazi ȷmov˛rnost˛ SGR dlffl prfflmih odnofononnih proces˛v. Proanal˛zovaniȷ vpliv dinam˛qnogo efektu na-Tellera u molekul˛ S60 na veliqinu ȷmov˛rnost˛ SGR. Provedeno por˛vnfflnnffl rozrahunkovih znaqen~ qasu SGR z nafflvnimi eksperimental~nimi veliqinami.