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The magnetization, magnetostriction, and torque of an erbium single crystal were measured 
in pulsed magnetic fields up to 150 kOe. In the paramagnetic region (between 90 and 300° K), 
the magnetostriction of erbium was very high and anisotropic. The magnetostriction was posi­
tive along the hexagonal axis and negative perpendicular to it. The value of the magnetostric­
tion in a field of 150 kOe reached 240 x 10-6 at 220 o K (150 o K higher than the point of transi­
tion to a magnetically ordered state). It is shown that the temperature dependence of the mag­
netostriction is wholly due to the temperature dependence of the paramagnetic magnetization. 

}. Rare-earth metals dysprosium, terbium, hol­
mium, erbium, thulium have anisotropic magnetic 
susceptibility in the paramagnetic region. [ l-4l For 
example, at 100 o K, the paramagnetic susceptibility 
of erbium, measured along the hexagonal axis (Xc), 
is twice as large as the susceptibility in the basal 
plane (Xa); at room temperature, the anisotropy is 
considerably greater. The susceptibility aniso­
tropy is responsible for the different values of the 
paramagnetic Curie point ®p or erbium along dif­
ferent directions (®pc = 61.7° K, ®pa = 32.5° K), 
while the Curie constant C, related to the effective 
magnetic moment of the atoms, is the same for 
different directions in a crystal. We have shown 
earlier[ 5 l that polycrystalline samples of terbium, 
dysprosium, and holmium, have a relatively large 
positive magnetostriction in the paramagnetic re­
gion in strong magnetic fields while the magneto­
striction of polycrystalline erbium is considerably 
smaller and negative. The present paper reports 
the results of our measurements of the magneto­
striction, magnetization, and torque of an erbium 
single crystal. 

2. The erbium single crystal was grown by 
V. E. Kolesnichenko in the Laboratory for Rare 
Metals at the Ba1kov Metallurgy Institute, using 
the directional recrystallization method. The crys­
tallographic axes were determined by x-ray dif­
fraction. The magnetostriction and magnetization 
were measured on rods, 5 mm long and of 1 mm2 

cross section, cut along the hexagonal axis and in 
the basal plane. The measurements of the torque 
were carried out on a small sphere of 1.5 mm di­
ameter. 

The magnetization, torque, and magnetostric­
tion were measured in pulsed fields of up to 
150 kOe using external piezoelectric pickups. The 
description of the method of measuring the mag­
netostriction in pulsed fields is given in [ 6l. The 
magnetization was determined by a ponderomotive 
method: a sample was placed in an inhomogeneous 
pulsed field and a bimorphous piezoelectric pickup 
was used to measure the force acting on the sam­
ple in this field. The torque curves of a crystal 
were determined in a pulsed field using a piezo­
electric pickup to measure torsional deformations 
in a coil consisting of two sections (Helmholtz-
type coils). The method of measuring the torque 
will be described in detail elsewhere. 

3. Figure 1 shows the field dependences of the 
magnetization of an erbium crystal, recorded along 
the hexagonal axis of the crystal and in its basal 
plane. It is evident that the magnetization varies 
linearly with the field (except in the region which 
is in the direct vicinity of the transition point of 
erbium to a magnetically ordered state, ®2 = 83° K). 
This departure from linearity may be due to para­
magnetic saturation effects or to the influence of 
the nonisothermal nature of magnetization proc-
esses in pulsed fields (the influence of the magne­
tocaloric effect). 

Figure 2 gives the temperature dependences of 
the susceptibility and the reciprocal of the suscep­
tibility along and at right-angles to the hexagonal 
axis, calculated from the results given in Fig. 1. 
(from the magnetization in weak fields). It is evi­
dent that the susceptibility obeys the Curie-Weiss 
law. The paramagnetic Curie points ®pc = 60 
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± 3° K, ®pa = 35 ± 3° K are in good agreement with 
the results of measurements in static magnetic 
fields. [2J The effective magnetic moment of er­
bium, determined from the value of the Curie con­
stant, is, according to our data, 9.1 ± 0. 511 B• which 
is close to the theoretical value 9.58 llB• calculated 
for the trivalent erbium ion in its ground state 

( 4I 15/2). 
It follows from Fig. 2 that the magnetic suscep­

tibility of erbium in the paramagnetic region is 
anisotropic. The susceptibility in the basal plane 
is less than that along the hexagonal axis. The 
susceptibility anisotropy is confirmed also by the 
measurements of the torque acting on the crystal 
in a magnetic field (Fig. 3). Our measurements 
showed that the torque curves could be described 
(with the exception of the region close to ® 2) by a 
relationship valid for paramagnets: 

L = 1/2 (xc- Xa)H2 sin 2cp 

(cp is the angle between the hexagonal axis and the 
direction of the field). The triangles in Fig. 2 rep­
resent the values of the susceptibility Xa, found 
from the torque measurements, and of the suscep­
tibility Xc· It is evident that the susceptibilities 
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FIG. 2. Temperature dependence of the susceptibility and 
of the reciprocal of susceptibility of an erbium single crys­
tal: 1) Xa-, (T); 2) Xc_, (T); 3) Xa(T); 4) Xc(T). 

FIG. 1. Dependence of the magnetization of an erbium 
single crystal on the field: a) along the hexagonal axis; 
b) in the basal plane. 

found by direct magnetic measurements and those 
deduced from the torque curves are equal within 
the experimental error. 

4. Figure 4 shows the field dependences of the 
longitudinal magnetostriction, measured along and 
perpendicular to the hexagonal axis, in the temper­
ature range 90-300 o K, i.e., in the paramagnetic 
region. It is evident that the magnetostriction of 
erbium is very high and strongly anisotropic. The 
magnetostriction along the hexagonal axis is posi­
tive, and in the basal plane negative. At 220 o K 
(150 o K above the point ®2) in a field of 150 kOe, 
the magnetostriction along the hexagonal axis is 
240 x 10-6, and in the basal plane is 200 x 10-6• 

The magnetostriction increases strongly on ap­
proach to the temperature ®2. 

The observed strong temperature dependence of 
the magnetostriction of erbium in the paramag­
netic region is in agreement with the temperature 
dependence of the magnetization in this region. 
Figure 5 shows the dependences of the magneto­
striction in the basal plane and along the hexagonal 
axis on the square of the magnetization along these 
directions. It is evident that the points correspond­
ing to different temperatures fit the same straight 
line. Thus, the magnetostriction is proportional to 
the square of the magnetization and the coefficient 
of proportionality is independent of temperature. 

The fact that A.c > 0 and A.a < 0 explains why 
the paramagnetic magnetostriction of a polycrys­
talline erbium sample is considerably less than 
the magnetostriction of polycrystalline terbium 
and dysprosium samples and why it is negative. 
Our measurements have shown that the magneto­
striction of terbium and dysprosium single crys­
tals in the basal plane and along the hexagonal axis 
is positive. Therefore, the magnetostriction of 
polycrystals, which represents the average of the 
magnetostrictions of single crystals oriented along 
different directions, is less for erbium than for 
dysprosium and terbium. 

5. The results reported show that, in the para-
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magnetic region, erbium exhibits a strong aniso­
tropy of the magnetic and magnetostriction proper­
ties. Such anisotropy in the paramagnetic region 
can be understood on the basis of the following 
considerations. 

The electronic structure of the erbium atom 
and of other rare-earth metals having a deep 4f­
shell makes the spin-orbital reaction very strong 
compared with the crystal fields of the lattice and, 
therefore, in contrast to transition d-metals, the 
orbital moments are, in practice, not frozen in by 
the crystal field. This is confirmed by the fact 
that the magnetic moment of metallic erbium (per 
atom) is close to the value of the magnetic moment 
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FIG. 3. Dependence of the torque, acting on an 

erbi urn single crystal in a magnetic field, on the angle 
between the direction of the field and the hexagonal 
axis of the crystal. 

of a free trivalent erbium ion (i.e., it is governed 
by the total quantum number J and not by the spin 
quantum number S, as is the case for d-metals). 
On the other hand, the hexagonal symmetry of er­
bium gives rise to a strong anisotropy of the elec­
trostatic crystal field. This field acts on the orbi­
tal moment and, through the spin-orbital interac­
tion, it affects the spin moment of erbium, giving 
rise to a strong magnetic anisotropy. The magne­
tization-induced change in the orientation of the 
orbital moment of a rare-earth ion with respect 
to the crystallographic axes should perturb the 
electric field of the lattice, giving rise to a strong 
magnetostriction. 
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FIG. 4. Dependence of the longitudinal 
magnetostriction of an erbium single crystal 
on the field: a) along the hexagonal axis; 
b) in the basal plane. 
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FIG. 5. Dependence of the longitudinal magnetostriction of 
erbium on the square of the specific magnetization [the 
abscissa gives a' x 10"' in (G·cm3 ·g"')2]: a) along the c-axis; 
b) in the basal plane. 

The magnetic anisotropy and magnetostriction 
increase strongly when erbium is cooled below 
®2, i.e., when the magnetic moments become or­
dered. The strong spin-orbit interaction also 
makes the exchange interaction anisotropic. The 
existence of an anisotropic term in the exchange 

interaction, taking place through conduction elec­
trons in rare-earth ferromagnets, has recently 
been justified theoretically by Irkhin. [ 71 
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