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Lanthanum and lanthanide halides have significendustrial
importance. They are used, e.g., as additivesfioiezit light sources.
Reliable thermodynamic information on Lp¥olecules (Ln = La—Lu),
the main constituents of lanthanide halides vap@sneeded for
thermodynamic modeling with the aim of optimizatiaf high-
temperature processes. The experimental informatiorthe structure
and spectra needed for calculation of thermodyndumctions of the
LnX3; molecules is far from being complete and oftecdatradictory,
however. Development of theoretical quantum-chehétainitio and
DFT methods of calculation resulted in obtainingrendetailed and
more complete information on the structure andatibn frequencies of
LnX3; molecules. In particular, it was found that theeptial function
V(p) for the out-of-plane deformation of LeXnolecules, with the
change of the angle between Ln-X direction and the perpendicular to
the third-order symmetry axis, could significandgviate from that of
harmonic oscillator. Quantum-mechanical calculaigrerformed by
V.G. Solomonik and O.Yu. Marochko [1-3] show théfp) can be
approximated with the expression

V(p) = azp2+ a4p4+ aﬁp6+ a8p8

This form of potential function demonstrates theibnal behavior
of the LnX molecules and shows that the harmonic oscillator
approximation is not adequate for description efuhout-of-plane low-
frequency vibration of LnX molecules. Taking into consideration all
experimental and computational information on tinecsure of the Laf
and LnC} molecules (Ln = La-Lu), selection of the mostiaiele
molecular parameters was carried out and thermadinfunctions for
these molecules were calculated. To allow for thiegaamonicity of the
Vv, vibration, potential functions of Ln out-of-planenotion found in
guantum-chemical calculations [1-3] were used.tFIi@ v, energy
levels calculated for LaFand LaCimolecules are given in Table 1. The
data presented in this table demonstrate anharityaofo, vibration; in
the case of LaHrregularity of severalAE values is connected with a
small inversion barrier for out-of-plane deformatioComparison with
the results of calculations using common "rigid atot-harmonic
oscillator" approximation shows significant charmfethermodynamic
functions values for LaFand several early members of the Lygaries
(the anharmonicity contribution diminishes along tAnthanide series).
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Table 1. Energy levels and transition energy
for vpvibration of Lak and LaCimolecules

E, cm? Transi-tion AE, cmi*
v Lak; LaCk v+l LaR LaCk
0 19.5 5.0 - - -
1 21.9 17.1 0—1 2.4 12.1
2 48.6 32.7 1—2 26.7 15.6
3 67.1 50.3 2—3 18.5 17.6
4 93.5 69.6 3—4 26.4 19.3
5 123 90.2 4—5 29.5 20.6
6 155 112 5—6 32 22
7 190 135 6—7 35 23
8 227 159 7— 8 37 24
9 266. 184 8—9 39 25
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