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K1 Wt ICHRPBRE R s BRI T AL

MiLots T e 2 e A i % T £U/nm JE 5 AL z y z
Sc P63/mmec a = 3.577 2c 173 2/3 1/4
c=5.618
Y P63/mmc a = 3.6509 2c 1/3 2/3 1/4
c=5.7388
La P63/mmc a=3.911 2a 0 0 0
c=12.14 2c 173 2/3 1/4
Ce Fm3m a = 5.1558 da 0 0 0
Pr P63/mmc a = 3.6725 2a 0 0 0
c=11.8354 2c 173 2/3 1/4
Nd P63/mmc a = 3.6582 2a 0 0 0
c=11.7966 2c 173 2/3 1/4
Sm P63/mmec a = 3.621 2c 173 2/3 1/4
c=6.250
Eu Im3m a = 4.5829 2a 0 0 0
Gd P63/mmec a = 3.636 2c 173 2/3 1/4
c=5.783
Tb P63/mmec a = 3.6010 2c 173 2/3 1/4
c=5.6935
Dy P63/mmc a = 3.5929 2c 173 2/3 1/4
c = 5.6524
Ho P63/mmc a = 3.5773 2c 1/3 2/3 1/4
c=5.6158
Er P63/mmec a = 3.5588 2c 173 2/3 1/4
c = 5.6524
Tm P63/mmec a = 3.5426 2c 173 2/3 1/4
c=5.7388
Yb Fm3m a = 5.4847 4a 0 0 0
Lu P63/mmec a = 3.5098 2c 173 2/3 1/4
c = 5.5666
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Sc Iy=6 na = 0.2066 Dy = 3.264 D,y = 3.253
Ip =6 npg = 0.1731 Dp =3.319 Dp = 3.308 0.011 oc=5
Ic =6 ne = 0.0023 D. = 4.651 D, = 4.640

Y Iy=6 ny = 0.2182 Dy = 3.560 Dy = 3.587
Ig=6 np = 0.1622 Dp = 3.651 Dp = 3.678 0.027 c=5
Ic=6 ne = 0.0015 D. = 5.100 D.=5.125

La Ip=6 na = 0.1999 D4 =3.738 D4 =3.739
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x2 8
fidocs bk TR n o P EE DA SLES TP DIA 2% AD/A HHIH o

Ig=6 np = 0.1808 Dp = 3.769 Dp = 3.770 0.001 o=5
Ic =6 ne = 0.0012 D. = 5.309 D. =5.310

Ce Iy=12 na = 0.1807 Dy =3.671 Dy = 3.645 0.026 o=4
Ig = np = 0.0013 Dp =5.181 Dp =5.156

Pr Iy=6 na = 0.1901 D =3.639 D = 3.640
Ip =6 ng = 0.1713 Dp = 3.671 Dp = 3.672 0.001 o=4
Ic =6 ne = 0.0013 D.=5.171 D, =5.171

Nd Iy=6 na =0.1874 Dy =3.628 Dy =3.635
I =6 np = 0.1740 Dp = 3.651 Dp = 3.658 0.007 o=4
Ic =6 ne = 0.0014 D, = 5.146 D. =5.152

Sm Ig= na = 0.1935 Dy = 3.582 Dy =3.578
Ig = np = 0.1678 Dp = 3.596 Dp = 3.593 0.003 o=4
Ic = ne = 0.0014 D. = 3.624 D, = 3.621

Eu Ix=38 na = 0.3501 Dy =3.922 D4 = 3.968 0.046 o=10
Ip = npg = 0.0332 Dp = 4.536 Dp = 4.583

Gd Iy=6 na = 0.2096 Dy =3.611 Dy =3.573
I =6 np = 0.1709 Dp = 3.674 Dp = 3.636 0.038 o=5
Ic =6 ne = 0.0015 D. =5.136 D. = 5.098

Tb Ip= na = 0.2027 Dy =3.523 Dy =3.525
Igp = np = 0.1585 Dp = 3.599 Dp = 3.601 0.002 oc=4
Ic = ne = 0.0015 D, = 5.037 D, = 5.039

Dy In=6 na = 0.2059 Dy = 3.502 D4 = 3.506
Ig=6 np = 0.1553 Dp = 3.589 Dp = 3.593 0.004 oc=4
Ic =6 ne = 0.0015 D. =5.016 D, = 5.02

Ho I,=6 ny = 0.2071 Dy =3.484 Dy = 3.486
Ig =6 npg = 0.1541 Dp = 3.575 Dp = 3.577 0.002 oc=4
Ic = ne = 0.0016 D, = 4.993 D, = 4.995

Er Iy = ny = 0.2070 Dy =3.468 Dy = 3.468
Ip =6 np = 0.1541 Dp = 3.559 Dp = 3.559 0 o=4
Ic=6 n. = 0.0016 D. = 4.969 D. = 4.969

Tm Iy = n4 = 0.2059 D = 3.454 D4 = 3.456
Ip=6 np = 0.1553 Dp = 3.541 Dp = 3.543 0.002 o=4
Ic =6 ne = 0.0016 D, = 4.947 D. = 4.949

Yb Iy =12 n4 = 0.1359 Dy =3.878 Dy = 3.832
Ip = np = 0.0007 Dp = 5.484 Dp = 5438 0.046 o=6

Lu Iy = n4 = 0.2001 Dy =3.431 Dy = 3.443
Ip =6 np = 0.1610 Dp = 3.498 Dp =3.510 0.012 o=4
Ic=6 ne = 0.0017 D, = 4.904 D. =4.916
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Sc 1326 1335 0.67 Gd 1634 1586 315
Y 1622 1795 9,64 b 1641 1629 0.73
La 1222 1192 253 Dy 1675 1685 321
Ce 161 1071 8.38 Ho 1694 1747 3.04
Pr 1190 1205 1.24 Er 1703 1802 552
Nd 1207 1204 671 Tm 1699 1818 655
Sm 1267 1347 5.92 Yb 896 1092 17.4
Eu 1106 125 1.67 Lu 1658 1936 1436
x4 JURMEIEHE
6% EMK-mol! E/kJ-mol 1 |52 1% 7% EAJ-mol~? E/kJ-mol~? |52 1%
Se 362 376 3.63 Nd 348 328 6.15
Y 384 42 9.00 Gd 449 400 12.14
Pr 347 357 271 b 435 391 11.25
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Correlations between the valence electron structure
and melt pointing and cohesive energies
of rare earth metals™
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Abstract

Rare earth element is one kind of strategic materials. Some rare earth elements have been industrialized. They play major roles
in permanent magnetism material, lightening, catalysis and hydrogen storage material. In order to understand the rare earth elements
more, it is necessary to study the structures of the valence electrons and atoms of them. The valence electron structures and properties of
yttrium, scandium and lanthanum group rare earth elements are studied with the empirical electron theory (EET). Based on the valence
electron parameters, the melting points and cohesive energies of these rare earth elements are calculated. The calculations accord
with those of the measurements. According to the analyses of EET, the structures and the physical properties of rare earth elements
depend on the electron emission or transformation between the lattice-electrons and coherent electrons in outer orbital. It is exhibited
that the melting point tends to increase with the lattice electron-covalent electron transformation, however, the valence status of rare
earth element affects significantly the electron distribution and property. The covalent electron hoppings occur at divalent europium,
ytterbium and samarium, and their melting points are related to the electron transformation covalence-electrons. It is different from the
others with trivalent status. The theoretical analysis reveals that the cohesive energy is related to the 4f electrons. The contribution to
cohesive energy increases with the number of 4f electrons increasing, which may be due to the shrinking effect of the atomic radius for
the lanthanum group. The study implies that the characteriscs of rare earth element are due to the relation between their melt pointing

and conhesive energy and electronic structure.

Keywords: rare earth elements, the valence electronic structures, melting point, cohesive energy
PACS: 71.20.Eh, 71.15.—m, 61.50.Lt
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