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Magnetization and Electrical Resistivity of Erbium Single Crystals*
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The magnetic properties of erbium single crystals (hcp) grown by the Bridgman method have been de-
termined in 6elds up to 18 kilo-oersteds with the held applied parallel to and perpendicular to the c axis at
4.2'K and between 20.4'K and 300'K. The c axis was found to be the direction of easy magnetization. A
Noel point was observed at 85'K. The ferromagnetic-antiferromagnetic transition temperature inferred
from the magnetic data was 19.6'K. The saturation moment, 0.„0, obtained by extrapolation of the c-axis
data was 8 Bohr magnetons compared to the theoretical 9. Electrical resistivity measurements from 1.3'K
to 300'K with the current parallel to the c axis showed a sharp increase in resistivity at 20.4'K, the ferro-
magnetic-antiferromagnetic transition temperature; a large peak occurred at 53.5 K, and a minimum oc-
curred at the Neel point. The a-axis resistivity curve showed a change in slope at the Neel point and was well
behaved elsewhere.

INTRODUCTION

HE electrical resistivity of polycrystalline erbium
has been reported by Legvold e] al.' and by

Colvin et at.' Legvold et 0/. found that there was a
moderate change in the slope of the resistivity curve
at about 80'K. Colvin et a1., using a sample prepared
by improved techniques, found the temperature de-
pendence of the resistivity of polycrystalline erbium to
be significantly different. Their values for the resistivity
and for the slope of the resistivity vs temperature curve
at room temperature were approximately half the
values previously reported. They also reported a mini-
mum in the curve at 80'K.

The heat capacity of erbium has been measured
between 15'K and 320'K by Skochdopole et al.' They
found three peaks in the specific heat vs temperature:
One peak occurred at 19.9'K; it was symmetrical and
showed thermal hysteresis. A second peak occurred at
53.5'K, and this one had a rounded maximum. The
third peak appeared at 84'K, where the heat capacity
curve was Rat for about one degree and then dropped
very rapidly with increasing T.

Using the magnetic data for erbium determined by
Klemm and Bommer, 4 Keel' predicted a Curie point of
40'K for this metal. Subsequently, Elliott et a/. ' re-
ported the magnetic properties of erbium metal from
20.4'K to 90'K. The initial susceptibility vs tempera-
ture curve they obtained showed a maximum at 78'K.
They concluded that erbium was antiferromagnetic

from 78'K down to 20.4'K and that it was ferromag-
netic below 20.4'K.

Koehler and %ollan' have reported neutron diGrac-
tion data on erbium. They found it to be ferromagnetic
at 4.2'K, but at higher temperatures it was not pos-
sible to determine either the type of ordering or the
magnetic lattice. Recently, however, Cable et at. ' have
obtained new data and concluded that a complex
magnetic lattice is involved above 53'K. They indicate
that a helical type of magnetic alignment might come
close to fitting the observed diGraction patterns be-
tween 20'K and 53'K, and that there is a component
of the magnetic moment perpendicular to the c axis at
4.2'K.

Banister et al. ,' using x rays, determined the structure
of erbium at low temperatures and found it to be
hexagonal close-packed down to 40'K.
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EXPERIMENTAL PROCEDURE

Four rectangular parallelepiped samples were cut
from a large single crystal of erbium grown by the
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FIG. 8. Resistivity (residual subtracted) as
a function of temperature.

This 1 Bohr magneton difference could be associated
with the alignment of the spins which Koehler and
Wollan' and Cable ef al. ' have observed by neutron
diGraction studies. They report that a component of
the moment is perpendicular to the c axis. The sharp
upturn in the magnetic moment along the u axis at
4.2'K when the applied field reaches 17 kilo-oersteds
(Fig. 1) suggests that the magnetic moments can be at
least partially aligned along the a axis and that in
sufFiciently high 6elds the full 9 Bohr magnetons might
be reached.

In the paramagnetic temperature range, above
140'K, the effective number of Bohr magnetons was
obtained from the plot of 1/g vs T shown in Fig. 7.
The value obtained was 9.9~0.2 Bohr magnetons. This
if to be compared with the theoretical value of 9.6
Bohr magnetons.

The anisotropy in the resistivity is defined by the
ratio pr/p[[. For room temperature p,/p]]=1.72. Anisot-
ropy is apparent not only in the room-temperature
values of the resistivity, but also in the behavior of the
resistivity in the neighborhood of the three specific
heat anomalies' observed at 20.4'K, 53.5'K, and
85'K.

FIG. 9. Polycrystalline data vs temperature obtained from
Colvin compared with -',pg+-,'pII vs temperature.

At the N~el point, 85'K, p& vs T has a small change
in slope, while p~~ vs T goes through a sharp minimum.

At 53.5'K no anomaly was observed for p& vs T, but
for p~t vs T a peak occurred. The occurrence of this
broad unsymmetrical peak might indicate that the
ordering or disordering of the spins through the anti-
ferromagnetic-paramagnetic transition occurs over a
wide temperature range, or it might indicate that the
spins are changing from one type of antiferromagnetism
to another. Further neutron diffraction studies in this
temperature region, perhaps on single crystals of
erbium, might help to clarify the situation.

In the paramagnetic temperature range, p& vs T has
a slope of 0.185 pohm-cm/'K, pI a slope of 0.122
pohm-cm/'K.
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