Part II--Rare Earth Metals and Alloys 167

NUMBER OF HOLES IN 6s (5s) BAND

0 .005 010 015 020 .025 030 .035 .040
26 T T T T T T T
24t Osm .
g 2.2 9
B
w 20F 1
o ®Dy
E NEGATIVE HALL COEFFICIENT
% |8 x Nd g
z o
w
o
16 ¥Ce
Pr POSITIVE HALL COEFFICIENT
1.4 1 1 1 1 1 =l 1
1.000 1005 1,010 1015 1020 1025 1.030 1,035 1040

NUMBER OF ELECTRONS IN 5d (4d) BAND

Fig. 4. The density of states at the Fermi level vs the
number of holes in the s band (humber of electrons in the d
band).

properties of these metals. Nor does there seem to be any
dependence on the spin, or the projection of the spin on the
lowest J state, or the orbital angular quantum number, or
the total angular quantum number.

From the data shown in Fig. 4, the band structures of
three representative rare earth metals, which have negative
Hall coefficients, are shown in Fig. 5. Thulium, which has
the lowest density of states, has the smallest number of holes
in the 6s band, and samarium, which has the largest density
of states, has the largest number of holes in this band. The
other metals, which have density of states values which are
intermediate between these two extremes, have band struc-
tures represented more or less by gadolinium. It is noted
that, if the band structures shown in Fig. 5 are correct, then
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Fig. 5. The simplified band structures of three of the
rare earth metals which have negative Hall coefficients.

the relative positions of the 6s and 5d bands with respect to
each other must shift from one element to another. Further-
more, it is concluded that there is no broad 4f band which
overlaps the 6s and 5d bands; most likely, the 4f electrons
occupy discrete levels, or very narrow one electron bands
as proposed by Mott. [28]

For the rare earth metals, which have positive Hall co-
efficients, the density of states are significantly smaller for
a corresponding number of holes in the 6s band (Fig. 4). Thus
one would expect the band structures of praseodymium and
neodymium to be slightly different from those shown in Fig.
5, but the general conclusions mentioned above for the metals
which have negative Hall coefficients are expected to apply
to praseodymium and neodymium. Discussion of the band
structure of y-Ce is deferred to section 7. 1.

The band structures proposed here for the rare earth
metals are in general agreement with the conclusions arrived
at by Rocher [29] in his analysis of the electronic and mag-
netic properties of these metals, except for the metals cer-
ium and ytterbium, which will be discussed later.




