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Abstract

Ab initio energetic calculations based on the density functional theory (DFT) and projector augmented wave (PAW) pseudo-potentials
method were performanced to determine the crystal structural parameters and phase transition data of the polymorphic rare-earth
sesquioxides Ln,O5 (where Ln = La—Lu, Y, and Sc) with 4-type (hexagonal) and B-type (monoclinic) configurations at ground state. The
calculated results agree well with the limited experimental data and the critically assessed results. A set of systematic and self-consistent
crystal structural parameters, energies and pressures of the phase transition were established for the whole series of the A- and B-type
rare-carth sesquioxides Ln,Os. With the increase of the atomic number, the ionic radii of rare-earth elements Lz and the volumes of the
sesquioxides Ln,03 reflect the so-called “lanthanide contraction”. With the increase of the Lr’ " -cation radius, the bulk modulus of
Ln,0O3 decreases and the polymorphic structures show a degenerative tendency.
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1. Introduction

The rare-earth sesquioxides Ln,O5; (where Ln = La-Lu,
Y, and Sc) are of particular importance due to their unique
physical and chemical properties. For example, it has been
widely used in chemistry engineering [1], materials science
[2-4], metallurgical industry [5], and high-tech agriculture
[6,7]. For designing and using such materials, the crystal-
lographic data and thermodynamic properties are of
considerable significance. Many literatures, including some
review articles [8—14], are available, however, debates and
short of data hamper us to establish a robust database for
the rare-earth sesquioxides. Depending on the temperature,
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pressure, and the radius of the Ln®"-cation, rare-earth
sesquioxides show five polymorphic modifications as A-, B-,
C-, H-, and X-Ln,O;. At ambient conditions, hexagonal
A-type is the stable structure for Ln=La—Nd and probably
Pm, while Sm»>O3, Eu,03, and Gd>O; may exist in both
monoclinic B-type and cubic C-type. The C-type is the
characteristic structure for Ln=Tb-Lu, Y, and Sc. The
thermodynamic stability of the C-type structure for Sm,Os,
Eu,03, and Gd,0;3 at low temperatures is still under
debate. The H- and X-Ln,O; exist only at very high
temperatures. Pressure can be viewed as another method to
control the relative stability of the polymorphic phases
besides temperature. With respect to the pressure-induced
phase transition of the Ln,0s3, only very limited literatures
are available [15-23]. Most recently, Zinkevich critically
reviewed and derived the thermodynamics of rare-carth
sesquioxides [24], however, more fundamental data are
needed to strengthen and verify the existing database of the
rare-earth sesquioxides Ln,0;.
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With the availability of powerful computer, efficient
algorithms and robust software packages, the ab initio
calculations based on the density functional theory (DFT)
[25] are important for understanding the properties of
condense matters fundamentally. The universal and high-
throughput characters of the ab initio method make it a
cost-effective tool in solid-state physics and materials
science [26]. The most accurate and therefore the most
computationally intensive techniques are the full-potential
methods [27], nevertheless, considering the limited compu-
ter resources, the projector augmented wave (PAW)
pseudo-potentials method [28,29] is the state-of-the-art in
the ab initio calculations. Both the local density approx-
imation (LDA) [30] and the generalized gradient approx-
imation (GGA) [31-33] are used extensively to deal with
the exchange-correlation potential of electron gas. Due to
the complicated crystal and electronic structure, the ab
initio structural and energetic calculations on oxide
ceramics involving rare-earth element are rare [34-39].
Hirosaki et al. [34] performed the calculations for part of
the 4- and C-type of Ln,O5 using ab initio method based
on DFT and PAW, however, there was no energetic
information presented.

As a part of the work to establish a comprehensive and
self-consistent database for the rare-earth sesquioxides
Ln,O3 which includes the fundamental data of the crystal,
thermodynamics, and phase transition, in the present
paper, the ab initio structural and energetic calculations
based on DFT and PAW for the polymorphic rare-earth
sesquioxides Ln,03 with 4- and B-type configurations were
performed systematically. The crystal structural para-

meters and the phase transition data of the Ln,Os from
the B- to A-type were obtained, which considerably
strengthened the database of the rare-earth sesquioxides
Ll’l203.

2. Computational method

The crystallographic information of the 4- and B-type of
the polymorphic Ln,O; sesquioxides is given in Table 1,
and the coordinate polyhedrons of the Ln,0O5 are shown in
Fig. 1. All cations are in seven-fold in the 4-type structure,
and in the B-type structure some of cations are surrounded
by seven oxygen anions.

All calculations were carried out using the Vienna Ab-
initio Simulation Package (VASP) [42-45]. The results
correspond to the state at absolute zero temperature and
without zero-point motion. For the GGA exchange-
correlation energy, the Perdew—Burke—Ernzerhof parame-
terizations (PBE) [32,33,45] were used. The eigenstates
were expanded in the plane-wave basis functions, and the
ion cores were represented with the PAW pseudo-
potentials [28,29]. The standard PAW pseudo-potential of
O was used and the O 2s*2p* states were treated as fully
relaxed valence states. Base on their similarities to the
lanthanide, the d-block transition metals Sc and Y are
always considered as rare-earth elements. The elements Ln
in the Ln,03 sesquioxides are normally assumed to be in a
trivalent state. As electropositive trivalent metals, all have
a closely related chemistry [46]. But their parameterized
pseudo-potentials are slightly different due to the different
electronic structure. For the d-block transition metals, Sc

Table 1

Crystallographic data of the polymorphic Ln,O5 sesquioxides

Compound Structure Prototype Pearson symbol Space group Number Strukturbericht Designation Reference
A-Ln,O3 Hexagonal La,0s3 hP5 P3ml 164 D5, [40]
B-Ln,0s Monoclinic Sm»O3 MC30 C2/m 12 [41]

Fig. 1. The coordinate polyhedron of the Ln,05: (a) the hexagonal A-type structure; and (b) the monoclinic B-type structure. The large and small spheres

stand for Ln and O atoms, respectively.
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3573p%4s?3d" and Y 45°4p®5s°4d' were treated as fully
relaxed valence states. For the f~elements La, f-orbital was
treated as valence orbital in the parameterized pseudo-
potentials and the standard version was selected, whereas
the semi-core p-states and s-states were treated as valence
states, and hence the La 55*5p°5d'6s states were treated
as fully relaxed valence states. For Ce-Lu elements,
f-electrons were partly kept frozen in the core, which is
the standard model for the treatment of localized
f-electrons, and the similar properties of the different
lanthanides are linked to this core-like shell configuration.
The number of f-electrons in the core equals the total
number of valence electrons minus the formal valency 3.
The compounds Eu,O5; and Yb,O3; were excluded from the
present calculations since the trivalent pseudo-potentials of
Eu and Yb elements are currently not available in the
database distributed with the VASP package.

For the compounds with highly localized 3d, 4f or 5f
electrons, the DFT, which is based on a static mean field
description of the electron exchange and correlation, is not
appropriate. Therefore, a modified scheme called DFT+ U
[47-52] is usually explored. In DFT + U, the Hamiltonian is
parameterized by two parameters U and J that will favor
integer occupation for the f states. Recently, a computa-
tional scheme, the so-called dynamical mean field theory
(DMFT) [53,54] has been developed to handle this kind of
systems. DMFT is a hybrid between a DFT and a model
Hamiltonian approach. However, for the rare-carth
sesquioxides Ln,O;, further investigations using the mod-
ified methods are needed to get more stable calculations. In
the present paper, the results correspond to the traditional
DFT method and the 4f states were partly kept frozen in
the core to relieve the problem of the localized electrons.

The present calculations were performed at practically
converged basis sets concerning the k-point sampling and
kinetic energy cutoff based on the available computer
resources. In particular, an 8 x 8 x 6 gamma centered grids
method [45] was employed to sample the Brillouin zone of
all the A4-Ln,O3 (hexagonal); the unit cell includes five
atoms and the k-points number in the reciprocal space is
50. A 3 x3x3 Monkhorst-Pack net [55] was used to
sample the Brillouin zone of all the B-type (monoclinic)
sesquioxides; the unit cell includes 30 atoms and the
k-points number in the reciprocal space is 10. The kinetic
energy cutoff was set at 520 eV, which increases the cutoff
energy of O by 30% compared with the default value set in
the potential file. The computational parameters were
carefully checked and a stable calculated result was
obtained. Convergence tests concerning k-points and
kinetic energy cutoff show that the total energies conver-
gence is less than 2meV/atom. The atomic geometry was
optimized with Hellman—Feynman forces and conjugate
gradient method [56]. When determining the equilibrium
crystal structural parameters at absolute zero temperature
and zero pressure, the total energy, E., was minimized
with respect to the volume (volume relaxation), the shape
of the unite cell (cell external relaxation) and the position

of the atoms within the cell (cell internal relaxation) fully.
While when determining the transition pressure by analyz-
ing the equation of state [57,58] of the oxides, the total
energies under a series of prescribed volumes were
calculated for each phase. To each unit cell volume, E
was minimized with respect to the shape of the unit cell and
the position of the atoms within the cell. The process was
terminated when the atomic force was less than 0.05 CV//&.

3. Results and discussion
3.1. Equilibrium crystal structural parameters

The calculated crystal structural parameters and total
energy of the two types of rare-earth sesquioxides Ln,03,
as well as the selected experimental structural data were
compiled in Table 2 for the 4-Ln,03, and in Tables 3-5 for
the B-Ln,03, respectively. For the sake of brevity, only the
variable lattice parameters and atomic internal parameters
were presented. The volumes per formula unit of the
polymorphic Ln,O3 at the ground state are shown in
Figs. 2 and 3 for the A-Ln,O; and B-Ln,O;, respectively,
together with the critically assessed data [24] superimposed,
although the direct comparison is not possible since the
thermal expansion coefficients for most compounds are not
available.

From Tables 2-5, Figs. 2 and 3, it is seen that the
calculated lattice constants and volumes of unit cell agree
well with the available experimental results and the
critically assessed data, except Ce,O3, Pr,Os, and Nd,Os,
for which the calculated volumes were overestimated about
4.0% and the modified DFT methods, such as DFT+ U
[47-52] and DMFT [53,54], are expected to improve the
calculations further. The calculated atomic internal para-
meters are also close to the available experimental data.
For Ln=La-Lu, with the increase of the atomic number,
the ionic radius of rare-carth elements Ln [10] and the
volumes of the Ln,Oj; sesquioxides reflect the so-called
“lanthanide contraction”. For the same chemical constitu-
ent, the volume per formula of the 4-type is smaller than its
B-type, which implies that it is possible to transform the
polymorphic compounds from the B-type to its A-type
using high-pressure even around the room temperature
under static [16-23] or shock compression [15,17].

3.2. Phase transition of the polymorphic Ln,O3 between the
A- and B-type

The enthalpies of transition with respect to the transition
of Ln,O; from the A- to B-type at absolute zero
temperature, zero pressure and without zero-point motion,
AH 4, ), were calculated according to Eq. (1):

AH(4—p) = Eiol(B) — Eoi(4), (1)

The results are shown in Fig. 4, together with the
critically assessed data [24] superimposed. It is seen that the
current calculations agree quite well with the critically



B. Wu et al. | Journal of Solid State Chemistry 180 (2007) 3280-3287 3283

Table 2
The calculated equilibrium crystal structural parameters and total energies of A-type Ln,O; in comparison with the selected experimental data
Ln Method aA) c(A) V (A%//Ln>05) Zin2d 201,24 Eior (eV/LnyO5) Reference
Sc Calc. 3.3888 5.6624 56.33 0.2480 0.6479 —44.6351
Y Calc. 3.6582 5.9157 69.58 0.2497 0.6648 —45.2299
La Calc. 3.9379 6.1729 82.90 0.2472 0.6454 —41.9079
Expt.? 3.934 6.136 82.24 0.24604(7) 0.6464(5) [59]
Expt. 3.9381(3) 6.1361(6) 82.41 0.2467(2) 0.6470(2) [40]
Expt. 3.94 6.13 82.41 0.245(5) 0.645(5) [60]
Expt. 3.94 6.13 82.41 0.235 0.63 [61]
Ce Calc. 3.9437 6.1908 83.38 0.2484 0.6454 —40.6376
Expt. 3.89100 6.05900 79.44 0.24543 0.6471 [62]
Pr Calc. 3.8986 6.1354 80.76 0.2486 0.6447 —40.8945
Expt. 3.8589(1) 6.0131(2) 77.55 0.24630(5) 0.6555(8) [63]
Expt. 3.8577(3) 6.0120(6) 77.48 [64]
Nd Calc. 3.8591 6.0899 78.54 0.2489 0.6447 —41.0803
Expt. 3.8272(1) 5.9910(2) 76.0 0.2473(3) 0.6464(3) [65]
Expt. 3.831 5.999 76.25 0.2462(3) 0.6466(3) [66]
Pm Calc. 3.8208 6.0393 76.35 0.2490 0.6449 —41.2939
Sm Calc. 3.7941 6.0114 74.94 0.2491 0.6449 —41.3363
Expt. 3.778 5.940 73.42 [16]
Eu Calc. - - - - - -
Gd Calc. 3.7305 5.9386 71.45 0.2496 0.6453 —41.6172
Tb Calc. 3.7149 5.8576 70.01 0.2498 0.6464 —41.7047
Dy Calc. 3.6790 5.8766 68.88 0.2499 0.6454 —41.7398
Ho Calc. 3.6546 5.8488 67.65 0.2499 0.6460 —41.8004
Er Calc. 3.6338 5.8286 66.65 0.2502 0.6457 —41.8377
Tm Calc. 3.6099 5.7937 65.35 0.2502 0.6463 —41.7963
Yb Calc. - - - - - -
Lu Calc. 3.5643 5.7685 63.47 0.2504 0.6464 —41.9863

“The number in parentheses in each case is the estimated error or the standard error, in units of the last decimal.

Table 3
The calculated lattice parameters and total energies of the B-type Ln,O; in comparison with the selected experimental data
Ln Method aA) b (A) ¢ (A) B (deg) V (A%//Ln,05) Ero (€V/Ln>05) Reference
Sc Calc. 13.3617 3.2166 8.0584 100.574 56.70 —44.9478
Y Calc. 14.1191 3.5174 8.6958 100.279 70.78 —45.3291
La Calc. 14.7541 3.8026 9.2223 100.123 84.85 —41.8576
Ce Calc. 14.7850 3.7946 9.2310 100.066 84.96 —40.6027
Pr Calc. 14.6489 3.7498 9.1350 100.062 82.33 —40.8744
Nd Calc. 14.5369 3.7097 9.0535 100.097 80.09 —41.0746
Pm Calc. 14.4185 3.6704 8.9643 100.113 77.82 —41.3025
Sm Calc. 14.3812 3.6352 8.9114 100.152 76.41 —41.3620
Expt.* 14.1975(9) 3.6273(3) 8.8561(5) 99.986(5) 74.86 [67]
Expt. 14.177 3.627 8.845 99.98 74.66 [68]
Expt. 14.177(10) 3.633(10) 8.847(10) 99.96(3) 74.80 [41]
Eu Calc. — — - - -
Expt. 14.1105(2) 3.6021(1) 8.8080(2) 100.037(1) 73.47 [69]
Gd Calc. 14.1948 3.5658 8.7702 100.182 72.80 —41.6718
Tb Calc. 14.1298 3.5367 8.7155 100.211 71.42 —41.7655
Expt. 14.03(1) 3.536(5) 8.717(5) 100.10(5) 70.96 [70]
Dy Calc. 14.0814 3.5104 8.6578 100.262 70.16 —41.8283
Ho Calc. 13.9914 3.4887 8.6101 100.266 68.90 —41.8883
Er Calc. 14.3812 3.6352 8.9114 100.278 67.77 —41.9627
Tm Calc. 13.8615 3.4335 8.4989 100.265 66.32 —41.9437
Yb Calc. - - - - -
Lu Calc. 13.7431 3.3940 8.4180 100.307 64.36 —42.1671

“The number in parentheses in each case is the estimated error or the standard error, in units of the last decimal.
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Table 4
The calculated variable internal parameters of the element Ln in the B-type Ln,O3 in comparison with the selected experimental data
Ln Method X 4i Zrn 4i X241 ZLn24i X3 4i ZLn3 40 Reference
Sc Calc. 0.6353 0.4870 0.6958 0.1371 0.9695 0.1835
Y Calc. 0.6351 0.4880 0.6914 0.1374 0.9680 0.1858
La Calc. 0.6346 0.4923 0.6903 0.1382 0.9669 0.1883
Ce Calc. 0.6347 0.4902 0.6903 0.1377 0.9666 0.1890
Pr Calc. 0.6345 0.4900 0.6906 0.1379 0.9667 0.1885
Nd Calc. 0.6344 0.4899 0.6907 0.1377 0.9668 0.1885
Pm Calc. 0.6345 0.4895 0.6988 0.1376 0.9670 0.1883
Sm Calc. 0.6346 0.4892 0.6911 0.1378 0.9673 0.1873
Expt.? 0.63463(4) 0.49003(6) 0.68996(4) 0.13782(6) 0.96627(4) 0.18794(6) [67]
Expt. 0.6374 0.4897 0.6897 0.1376 0.9663 0.1876 [68]
Expt. 0.6349 0.4905 0.6897 0.138 0.9663 0.1881 [41]
Eu Calc. - - - - - -
Expt. 0.63740(1) 0.4897(2) 0.68972(1) 0.13760(2) 0.96635(1) 0.18763(2) [69]
Gd Calc. 0.6347 0.4885 0.6913 0.1376 0.9675 0.1867
Tb Calc. 0.6348 0.4881 0.6914 0.1375 0.9677 0.1864
Expt. 0.6349 0.4886 0.6901 0.1384 0.9666 0.1871 [70]
Dy Calc. 0.6346 0.4883 0.6917 0.1379 0.9680 0.1860
Ho Calc. 0.6347 0.4879 0.6916 0.1371 0.9679 0.1859
Er Calc. 0.6348 0.4879 0.6914 0.1375 0.9680 0.1860
Tm Calc. 0.6351 0.4874 0.6917 0.1374 0.9680 0.1854
Yb Calc. - - - - - -
Lu Calc. 0.6351 0.4875 0.6917 0.1373 0.9681 0.18534
“The number in parentheses in each case is the estimated error or the standard error, in units of the last decimal.
Table 5
The calculated variable internal parameters of the element O in the B-type Ln,O3 in comparison with the selected experimental data
Ln Method XO1.4i Z01.4i X02.4i Z02.4i X03.4i 203.4i X044 Z204,4i Reference
Sc Calc. 0.1266 0.2794 0.8264 0.0344 0.7818 0.3787 0.4678 0.3411
Y Calc. 0.1281 0.2818 0.8255 0.0304 0.7933 0.3775 0.4711 0.3427
La Calc. 0.1281 0.2863 0.8240 0.0251 0.7995 0.3731 0.4742 0.3434
Ce Calc. 0.1292 0.2864 0.8244 0.0258 0.7986 0.3728 0.4742 0.3441
Pr Calc. 0.1291 0.2860 0.8245 0.0260 0.7984 0.3731 0.4740 0.3440
Nd Calc. 0.1292 0.2857 0.8246 0.0264 0.7982 0.3731 0.4738 0.3439
Pm Calc. 0.1290 0.2854 0.8248 0.0269 0.7979 0.3731 0.4735 0.3440
Sm Calc. 0.1288 0.2844 0.8249 0.0280 0.7965 0.3746 0.4728 0.3436
Expt.* 0.1289(6) 0.2864(8) 0.8250(6) 0.0265(8) 0.7984(6) 0.3738(9) 0.4741(6) 0.3438(8) [67]
Expt. 0.1291 0.2855 0.8248 0.0267 0.7961 0.3732 0.4734 0.3431 [68]
Expt. 0.128 0.286 0.824 0.027 0.799 0.374 0.469 0.344 [41]
Eu Calc. - - - - - - - -
Expt. 0.1291(2) 0.2855(3) 0.8248(2) 0.0267(3) 0.7961(3) 0.3732(4) 0.4734(2) 0.3431(3) [69]
Gd Calc. 0.1284 0.2831 0.8250 0.0291 0.7952 0.3760 0.4721 0.3433
Tb Calc. 0.1383 0.2823 0.8251 0.0297 0.7943 0.3769 0.4716 0.3431
Expt. 0.128 0.276 0.827 0.024 0.793 0.373 0.478 0.335 [70]
Dy Calc. 0.1279 0.2822 0.8253 0.0302 0.7942 0.3771 0.4713 0.3431
Ho Calc. 0.1278 0.2815 0.8254 0.0302 0.7935 0.3768 0.4711 0.3430
Er Calc. 0.1277 0.2818 0.8254 0.0303 0.7936 0.3772 0.4711 0.3429
Tm Calc. 0.1277 0.2813 0.8255 0.0310 0.7930 0.3773 0.4703 0.3427
Yb Calc. - - - - - - - -
Lu Calc. 0.12760 0.28122 0.8257 0.0312 0.7929 0.3774 0.4699 0.3425

4The number in parentheses in each case is the estimated error or the standard error, in units of the last decimal.

assessed data if we ignore the heat content difference for
the phase transition at 0 k and at definite temperature due
to the heat capacity data for A- and B-Ln,O; compounds
are not available simultaneously. From La to Nd, the
A-type is more stable than its B-type. The results in Fig. 4
from both our ab initio calculation and the critical

assessment show that, in general, with the increase of the
Ln*" -cation radius [10], the polymorphic structures of
Ln,O5 have a degenerative tendency.

The quantitative relationships of the total energies versus
volumes were fitted with the empirical third-order Birch—
Murnaghan equation of state [57,58] to obtain an
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Fig. 4. The calculated enthalpy of transition with respect to the transition
of Ln,O5 from its A- to B-type together with the critically assessed data
[24] superimposed.

analytical interpolation of the computed points. And the
properties such as equilibrium volume and total energy,
bulk modulus, and transition pressure can be derived. The
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room-temperature third-order Birch—-Murnaghan isother-
mal equation of state [57,58] is given by

2/3 3
() =
2
E2/3_1 6_452/3
V V

where Ey and V are the total energy and volume per Ln,0;
formula unit, respectively, and By is the bulk modulus. E,
Vo, and By are corresponding to the zero-pressure value. B’
is the bulk modulus pressure derivative, which is found to
change little with pressure. B’y is the bulk modulus pressure
derivative at P=0. Generally, Many substances have a
fairly constant B’ and By as B'=B, =3.5 [57,58]. In
mathematics, B’ can be also obtained by fitting the room-
temperature third-order Birch—-Murnaghan isothermal
equation of state [57,58], but the more parameters to fit,
the more complexity and uncertainty involved in the fitting
procedure. Referring to the experimental experience and
our test results, here we also fixed B'=B'(=3.5.

The results for the representative Sm,0O53 are shown in
Fig. 5, where the plotted symbols representing the
computed values and the curves representing the fitted
results. The transition pressure was obtained by calculating
the common tangent slope of the two fitted curves. It is
seen that the calculated result of the transition pressure
with respect to the transition of Sm,0; from its B- to A4-
type in Fig. 5 locates in the range of the experimental data,
which the present result is P, = 3.340GPa and the
experimental value is from 3.2 to 3.9 GPa [16].

The fitted equilibrium volume and total energy recurred
the data determined by directly optimizing the geometry
fully. The bulk modulii of the rare-earth sesquioxides
Ln,O5 obtained by fitting E-V data based-on the empirical
third-order Birch—Murnaghan equation of state are shown
in Fig. 6. It is seen that the bulk modulus of Ln,O3

9V B,

EV)=E
V) o+ 16

+ ; (@)

'4116 T T T T T T T T T T T
E =E(V),P=0 -
-41.20 - 4
o A-Sm,0,
g H2Ar ¢ B-SmQ, ;
£
2] .
S -41.28
o -
Yo} §
-41.36 - ‘ ]
: "\ P,=3.340GPa ]
-41.40 PR R R P HELAPN N N SO RS T EP S
69 70 71 72 73 74 75 76 77 78 79 80 81
v, A’/Sm,0,
Fig. 5. The total energy vs. volume (per Sm,O; formula unit) for the

A- and B-type Sm,0s.
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Fig. 6. The calculated bulk modulus of the rare-earth sesquioxide Ln,Os.
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Fig. 7. The calculated transition pressure with respect to the transition of
the Ln,O5 from its B- to A-type together with the available experimental
data superimposed.

decreases with the increase of the Ln’ " -cation radius, and
the difference between the A- and B-type is considerably
small.

The calculated transition pressures with respect to the
transition of Ln,O3 from the B-type to A-type are shown in
Fig. 7, together with the available experimental data
superimposed. The present calculated results show that it
is not possible to realize the B-Ln,O3— 4-Ln,O5 transition
with Ln from La—Nd using the pressure-induced phase
transition method because the transition pressures are
negative. From Fig. 7, it is seen that the calculated values
reasonably agree with the available experimental results,
and valuable data are afforded to the compounds, for
which no experimental data are available. The transition
pressures decrease with the increase of the Ln’*-cation
radius, which also reflects the degenerative tendency.

4. Conclusions

The structural and energetic data of the polymorphic
rare-earth sesquioxides Ln,O; (Ln = La-Lu, Y, and Sc)

with A-type (hexagonal) and B-type (monoclinic) config-
urations were computed systematically for the first time
using ab initio calculations based on density function
theory (DFT) and PAW pseudo-potentials method. The
volumes of the unit cells and the relative lattice stabilities
between A- and B-type agree well with the critically
assessed data. The ab initio calculation is a powerful tool
to produce valuable and accurate data for the interested
compounds. A self-consistent database comprising the
crystal structural parameters and thermodynamic proper-
ties was established. With the increase of the atomic
number, the ionic radius of rare-earth elements Ln, as well
as the volume of the sesquioxides Ln,O3 (Ln = La—Lu)
reflect the so-called “lanthanide contraction”. With the
increase of the Ln®"-cation radius, the bulk modulus of
LnyO3 decreases and the polymorphic structures show a
degenerative tendency since the absolute enthalpies of
transition and the transition pressures with respect to the
transition from the B-type to their polymorphic A-type
become smaller and smaller. However, further efforts are
needed to better understand the highly localized 4f
electrons and the potential parameterization of Eu,O;
and Yb,Os, as well as analyze the equation of state of the
Ln,O5 (where Ln = La—Pm).
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