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The anisotropy of the Hall effect and of the electric resistance of a scandium single crystal is in-
vestigated at temperatures between 77 and 300°K. It is found that the effective Hall constant varies
with the temperature like T? when the crystal is magnetized along the hexagonal axis and like 1/T
for magnetization perpendicular to the axis. The difference in the temperature dependence of the
Hall effect is ascribed to the influence of the anomalous part of the Hall field. The temperature
dependence of the electric resistance is not linear and this fact is attributed to s-d electron scat-

tering.

AN investigation of the anisotropy of the Hall effect
in paramagnetic transition metals, and particularly its
temperature dependence, is of great interest in connec-
tion with the determination of the possible contribution
made to the Hall field of these metals by the anomalous
part of the Hall field, due to the spin-orbit interaction
of the electrons—the carriers of the magnetic moment.
The temperature dependence of the anomalous part of
the Hall field in paramagnetic transition metals was
considered theoretically“] and was observed by us
experimentally in polycrystalline samples of Zr and
Re!®). We present in this paper the results of an inves-
tigation of single-crystal and polycrystalline samples
of scandium.

Single-crystal scandium was obtained in the Labora-
tory for Alloys of Refractory and Rare Metals of the
Metallurgy Institute of the USSR Academy of Sciences,
by the high-temperature recrystallization vacuum an-
nealing method. The procedure for obtaining single-
crystal scandium is described in®!. The initial mate-
rial for the single crystal was distilled scandium
99.6 wt.% pure (silicon = 0.001, titanium < 0.05,
aluminum =< 0.01, calcium--0.002, iron—0.05, copper—
0.1, nitrogen—0.03, oxygen—0.1, hydrogen—0.001,
carbon—0.008 wt.%). At room temperature this metal
has a hexagonal close-packed lattice of the magnesium
A3 type, with parameters a = 3.306 + 0.005 A, c = 5.27
+0.005 A, and c¢/a = 1.594.

The obtained single crystals have a resistance ratio
p(300°K)/p(4.2°K) =8. The samples for the measure-
ments were cut from the single crystal in the form of
plates (6 x 1.5 X 0.2 mm) in such a way, that the hexa-
gonal axis C was parallel to the plane of the plate in
one case, and perpendicular to it in the other case. The
polycrystalline sample was prepared from the same
single crystal.

EXPERIMENTAL RESULTS AND THEIR DISCUSSION

Figure 1 shows the temperature dependence of the
electric resistance p of single-crystal scandium
(curves 1 and 2). The electric resistance of the scan-
dium crystal is strongly anisotropic; the scandium has
the maximum resistance in the direction of the hexa-
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FIG. 1. Temperature dependence of the electric resistance of single-
crystal scandium pj| (curve 1), p] (curve 2), and of a polycrystalline
sample (curve 3).

FIG. 2. Temperature dependence of the effective Hall constant R|T
(curve 1), RI (curve 2), and of the polycrystalline scandium sample
(curve 3).

gonal axis C and the smallest one perpendicular to
this axis. Practically no anisotropy of p is observed
in the basal plane. The presence of strong anisotropy
of the electric resistance of crystalline scandium is a
consequence of the anisotropy character of the quantity
7/m* (7--relaxation time, m* —effective mass), as can
be reasonably expected in the case of the highly aniso-
tropic Fermi surface of scandium ], Figure 1 shows
the calculated curve for polycrystalline scandium, ob-
tained from the formula ptot = (7s)p, + (%s)p, where
p) and p, are the resistance of the measured parallel
and perpendicular to the C axis, The experimental
values obtained by us from measurements with a poly-
crystal of the same degree of purity, marked by the
points in Fig. 1 (curve 3), fit the calculated curve well
in the entire investigated temperature region. The
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large value of the resistivity of scandium compared
with other transition methods is due to the fact that
the number of mobile holes in scandium is small, and
the d-carriers that take part in the electric conductiv-
ity have a relatively low mobility, owing to the rela-
tively large value of their effective mass. Further-
more, one cannot exclude the possibility that in the
case of scandium a definite contribution pgq to the
resistance is made by the Mott mechanism of scatter-
ing of electrons connected with the transition from the
s band to the d band. Attention is called to the unique
form of the temperature dependence of p(T). For both
polycrystalline and single-crystal samples, the p(T)
dependence turns out to be nonlinear. To clarify the
influence of impurities on the temperature dependence
of the electric resistance, the measurements were
performed also on a pure polycrystalline scandium
sample with a ratio p(300°K)/p(4.2°K) =21; in this
case the character of the temperature dependence of
the electric resistance likewise remained unchanged.
A similar temperature dependence of p was observed
earlier for polycrystalline scandium samples in'® also
at higher temperatures. Yet it was to be expected that
the main mechanism of electron scattering at high tem-
peratures is the phonon mechanism, which gives a
proportional dependence of p on T. The measurement
results show that the deviation from the linear p(T)
variation is due to additional resistance that depends
on the temperature approximately like T2, The pres-
ence of this additional resistance is possibly due to
s-d scattering!®, which leads to a temperature depend-
ence of the form
1 dﬂd 1 dQnd
pems== o {1 =T [8( 5 52) — - G o),

where ngy(¢) is the density of the state of the d-band,
€ is the Fermi energy at 0°K. As is well known, the
Fermi level of scandium lies near the maximum on the
plot of the density n(e) against the energy, so that

(dng/de)e =ep =0 and d°nd/de”< 0, and consequently
Ps-d decreases in proportion to T? with increasing
temperature.

It is possible that the decrease of the temperature
coefficient of the electric resistance of scandium with
decreasing temperature is connected to some degree
with the fact that when the temperature changes there
is a noticeable change in the parameters of the crystal
lattice ¢ and a and their ratio. The form of the tem-
perature dependence c/a, as shown in{®"! turns out to
be essentially nonlinear.

An investigation of the Hall effect was carried out
in the temperature interval 77—300°K in magnetic
fields up to 15 000 Qe, by a potentiometer method,
using an instrument with a voltage sensitivity
2 x 10° V/mm. The investigations have shown that in
the entire temperature interval the Hall field changes
in proportion to the magnetic field intensity. From the
measurements, we determine the value of E/H =R*,
which we shall call the effective Hall constant. In the
case when H is perpendicular to the C axis, the ef-
fective constants will be denoted by R , and when H
is parallel to C, Rl will be used. In all the investigated
cases, the effective Hall constant in the scandium
crystal turns out to be negative (R* < 0).

THE HALL EFFECT
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FIG. 3. Dependence of the effective Hall constant R* on the square
of the temperature T2 (curve 1, internal scales for both axes), and of R*
on 1/T (curve 2, external scales).

The temperature dependence of the absolute magni-
tude of the effective Hall constant for single-crystal
scandium (RY and R”) is shown in Fig. 2. As seen
from the figure, the effective Hall constant in the scan-
dium single crystal has a very strong anisotropy as a
function of the orientation of the magnetic field intensity
vector H. The Hall effect reaches the largest absolute
value in the case when H is parallel to the hexagonal
axis C. The anisotropy of the Hall field becomes less
noticeable when the temperature is decreased. It is
important that the anisotropy of the Hall effect in scan-
dium becomes manifest not only in the difference of
the value of the Hall field, but also in the form of the
temperature dependence of this field. Indeed, in the
case when H II C, the effective Hall constant R* in-
creases (in absolute magnitude) quite sharply, in pro-
portion to the square of the temperature, and a relation
of the type R* =a + bT? is satisfied in the entire in-
vestigated temperature interval (Fig. 3, curve 2),
where a and b are constants independent of the tem-
perature. As to the value of R}, the latter changes
with increasing temperature very weakly, like 1/T
(Fig. 1).

Figure 2 (curve 3) gives also the temperature de-
pendence of the effective Hall constant for a polycrystal-
line sample Rpoly, calculated from the values of R
and R¥ using the relation Rpoly = R[}/3 + 2R]}/3,
which coincide with the experimental values obtained
directly in the measurements (the points denote the
experimental values).

The temperature dependence of the effective Hall
constant of single-crystal scandium obtained in our
experiments is quite complicated. According to pres-
ent day notions, the temperature dependence of the ef-
fective constant R* is due to the temperature depend-
ence of the ordinary (classical) constant R, and the
temperature dependence of the anomalous part of the
Hall field, in terms of the temperature dependence of
the electric resistance and of the magnetic suscepti-
bility. Investigationsm of the Hall effect in non-transi-
tion metals, however, show that in the region of in-
creased temperatures the Hall constant R, is prac-
tically independent of the temperature or has a weak
dependence on it.

In conclusion, the authors are grateful to E. I.
Kondorskii and E. M. Savitskii for taking part in a dis-
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