Experimental and calculated frequencies of the
surface phonons in MgF,
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In Ti02, the regions of negative values of ¢! and g/ overlap in all three
frequency regions, and accordingly three type~l phonons were observed for this
crystal at all orientations.
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Magnetic materials which are compounds of rare-earth metals with 3d transi-
tion metals are now attracting the attention of many researchers., Compounds of
the type RCos having unprecedented values of magnetic energy, have been dis-
covered [1, 2], and giant maghetostriction was observed at room femperature in
compounds of the RFe. type [3, 47.

Belonging to the same class of magnetic materials are also compounds of
the type ReFe23, but the published data on the magnetic properties of these
compounds [5 - 7] are ilncomplete. We report here the results of a study of the
magnetic and magnetostriction properties of the compound TmeFezs, on which there
are no data in the literature.
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The compound TmeFez3; was observed 1n the study of the thullum-iron phase
diagrams [8]. Specimens of the compound were melted in an arc furnace on a
copper water-cooled hearth in a helium atmosphere. It was homogenized by an-
nealing in vacuum at 850°C for 300 hours. X-ray and metallographic analyses
have shown that the specimens are single-phase and have a cubic lattice.

The magnetization was measured in the interval 4.2 - B80°K in the field of
a superconducting solenoid up to 53 kOe, using a vibration magnetometer, and in
the interval 80 - 700°K in an electromagnetic field up to 15 kOe.

The coercive force was measured in an ordinary solenolid at a maximum mag-
netizing field 1700 Oe. The magnetostriction was measured with strain pickups.
The Curie point © = L49°K and the spontaneous magnetization o, near © were ob-

tained by a thermodynamic method with the aild of plots of H/o = f(o2).

Figure 1 shows the temperature dependences of the specific spontaneous
magnetization OS, the susceptibility Xn in a strong field (v1l kOe), and the
coercive force Hc.z) The magnetization Oy decreases strongly at low tempera-
tures. This effect can be attributed to the ferrimagnetic structure of this
compound.

It follows from the neutron-diffraction data that the magnetlc structure
of HogFe,3 can be represented as consisting of two sublattices of Ho and Fe
atoms [7], with oppositely directed magnetic moments. The Dresence of an analo-
gous structure can be assumed also for the compound TmeFe:s.

We measured the magnetization at 4.2°K in fields up to 53 kOe, and found
that the absolute saturation magnetization, obtained by extrapolation to H=20
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Fig. 1. Temperature dependences of the specific spontaneous saturation
magnetization Ogs of the coercive force Hc’ and of the susceptibility

in a strong field Xpy 2 of the compound TmgFezs.

Fig. 2. Magnetostriction of the compound TmeFer3 as a funetion of the
magnetic field at different temperatures.
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2/The residual magnetization and the coercive force decrease strongly when
the specimen is heated to the vicinity of the Curie point and become equal to
zero at T > 4T70°K.
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from the field region 30 - 53 kOe amounts to 33.0 G-cm®/g. This yilelds a value
of 13.65uB for the magnetic moment uy per molecule of the compound. On the

other hand, our measurements of the absolute saturation magnetization of the
compound LugFe, 3, obtained by the same method as the TmgFe,s, ylelded a magnetiec
moment per molecule u, = 23uFe = 44.6uB and a magnetic moment per iron ion

“Fe‘= l.94uB. Assuming that the magnetic moment of the iron ion does not change

significantly in the serles of compounds RgFess, which is usually true for the series
of like compounds of rare-earth metals with iron [9], we obtain for the magnetic
moment per thulium ion the value Mg = (1/6)(23uFe -u) = 5.15uB, i.e., a value

much lower than for the free trivalent ion (7uB). The lower value of MR can be

attributed to the strong effects of the crystal fleld, owing to the fact that

the thulium lon has an orbital momentum. We note that the magnetization curve
exhibits no saturation even in fields 30 - 50 kOe at 4.2°K, the value correspond-
ing to this field interval is 0.275 x 10-% G—cm3/g—Oe, and a hysteresis loop is
observed only up to 20 kOe.

The decrease of o, at low temperatures (Fig. 1) can be attributed to the

rapid ordering of the thullum sublattice at lower temperature and to the fact
that the magnetic moment of the thulium sublattice has an orientation opposite
to that of the iron sublattice.

Such a conclusion agrees with other data. The coercive force (Fig. 1) and
the magnetostriction (Fig. 2) increase strongly when the temperature drops be-
low room temperature, owing to the ordering of the magnetic moments of the thu-
1ium ions. The single-ion anisotropy and magnetostriction constants of thulium
should make the maximum contribution to the anisotropy and magnetostriction,
and consequently also to the coercive force.

The maximum on the susceptibility curve in a strong field at OH = 200°K

can be attributed, in analogy with rare-earth iron garnets [10], to the fact
that the most abrupt disturbance of the long-range magnetic order in the thulium
sublattice occurs at this point (the low temperature point @H), so that a maxi-

mum susceptibility of the paraprocess should be observed, just as at the Curle
point. It follows from an analysis of the data that intense magnetlic ordering
in the thulium sublattice occurs at temperatures below 200°K. We can conclude
from this that the exchange interaction between the thulium and iron sublattices
1s much less than the exchange interaction inside the i1ron sublattice. The
exchange interaction in the iron sublattice in LusFeas (the magnetic moment of
Lu iﬁ equal to zero) determines the rather high value of the Curie temperature,
@ = hoheg,
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