CONDENSED MATTER &
LOW TEMPERATURE
PHYSICS 2025

*880 Scattering amplitude of C,, fullerite in the ordered phase.
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In solid fullerite Ce0 at 250 K, an order-disorder phase transition (first-order transition) occurs, which is inherent in all molecular crystals [1].

The reason for this transition in fullerite Is a change in the rotational motion of C60

molecules [2]. Thus, In the "disordered™ phase, Cé60 has a cubic

lattice Fm3m, with the centers of mass at the sites of molecules that "freely" rotate. The "ordered" phase of Ce60 has a cubic Pa3 lattice, in which the
fullerene molecules remain In the same positions as in the "disordered”. The molecular axes are oriented along the spatial diagonals of the cubic

lattice.

One of the features of X-ray diffraction patterns obtained from fullerite Ce0 Is the absence of reflections of the {h0O0} type. In [3], a
mathematical model was proposed to describe the scattering amplitude for Ce0 In the "disordered” phase and it was shown that the intensities of the

diffraction lines of the {h00} type are not equal to zero.
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Fig.2. Symmetry axes and bond types of the Cgp molecule

Fig.1. C¢o molecule 1 the ordered phase 1s represented as a multilayer model,
where the layers are strung on a molecular axis. The axis of the 2nd. 3rd or 5th order
molecule comcides with the crystallographic axes (directions) [111]: [111], [111] and
[111]. respectively (F1g.2).
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Fig.3. Typical powder X-ray pattern for C60 at 150K (ordered phase)
Scattering amplitude for tullerite Cgg

F(§) = Z_f(é:})exp[ZniS_lR_a}]

R, - carbon atom position

F(E) = f(f)z exp[Z*n:l-E;f] z exp[ZnibRE §] exp[ZniE §]

Due to the fact that the Cg, molecule rotates freely around the

[[000]] R. 111 0 | molecular axis Cn (n-order), the atoms of N-number are uniformly
122 1 distributed (smeared) over the ring of p radius.
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Fig. 4. Vector representation of the position of each atom (exp|2m; p" S]) = - ¢ dp exp[2mipS cose - sing]
R—a} _ E L b+ averaging over a ring
— N - number of atoms 1n the ring of the corresponding layer.

R. — position of the mass center of the molecule (fce lattice unit):

ooorl. [[z5o] - [o331)- [lzo:]]

% dop expli A cosgp]| = 2m ], (A)

N
r —unit vector directed along the spatial diagonals of the cube oy 2t J, (2T p Ssinf) = NJ,(2m p S sinb)
b — distance from a lattice unit to a lﬂ}-’r:‘-l* mn a lllultilﬂ}-*r:r model The spreading function of N carbon atoms over a ring of radius p

Main results

The results of processing the experimental X-ray diffraction pattern (Fig. 3) for fullerite C,, in the "ordered” phase were compared with the
results of calculations using the proposed model (Figs. 1, 4). It was found that both for the experiment and in the calculation, the intensities of both

"forbidden” and "allowed" ((111), (220), (311)) diffraction lines of the crystal lattice c
The calculations carried out according to our model also showed that the inter

will be equal to zero. This can be considered as an addition to the extinction law, takir

Iffer by two orders of magnitude.

sity of diffraction peaks of the type (hk0), for which h+k=2n+1
g into account the almost spherical symmetry of the molecule.

Also, X-ray diffraction patterns will not show reflections from lines (h00) If h=2n+1.
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