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We have measured the Mossbauer effect of a ferromagnetic UGa2 and antiferromagnetic
UAs2 and USb2. Rather large nuclear quadrupole interactions at nuclei have been observed
in these compounds at their magnetic ordered-states. The nuclear quadrupole interaction in
UGa2 has been visible in the ferromagnetic state, whereas not in the paramagnetic state. This is
most likely due to the induced nuclear quadrupole interaction in the ferromagnetic state. Since
the sign of the nuclear quadrupole interaction is positive from the point of the symmetrical view
of UGa2, it suggests that 5f-orbital is elongated along [1120] direction. In UAs2 and USb2, the
hyperfine interactions, combined with magnetic dipole and electric quadrupole interactions, have
been observed in the antiferromagnetic states. Since the sign the nuclear quadrupole interactions
of both samples is negative, 5f-orbitals are spread in tetragonal (001) plane.
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§1. Introduction

The uranium compounds indicate a variety of phys
ical properties including magnetic and quadrupole or
dering, heavy fermions and anisotropic superconductiv
ity. We have studied UGa2, UAs2 and USb2 with
Mossbauer spectroscopy.

UGa2 has the hexagonal structure, while UAs2 and
USb2 have the tetragonal one. The former compound
is the ferromagnet whose Curie temperature is 125 K
and a saturated moment is 3.0 /xb / whereas the
latters are antiferromagnets whose Neel temperatures are
close to room temperature and their ordered moments
are 1.6 and 1.9 rb / U, respectively.^"®' In UAs2 and
USb2, cylindrical Fermi surfaces were observed with the
de Haas-van Alphen (dHvA) experiments.®"®' On the
other hand, UGa2 has the usual three dimensional Fermi
surfaces.®'^®'
238u Mossbauer spectroscopy is one of the useful tools

to investigate the physical properties of uranium com
pounds. Although the atomic arrangements are two-
dimensional (2D) in these compounds, the Fermi sur
faces observed are three-dimensional (3D) in UGa2 and
2D in UAs2 and USb2. Aoki et al pointed out that
the cylindrical Fermi surfaces were related to their mag
netic structure.®' 3D Fermi surfaces in UGa2 have not
been able to understood yet. Since the magnetic struc
tures of these compounds have already been known, the
23® u Mossbauer spectroscopy enables us to discuss the
5f-orbitals in their ground states. We have performed
the Mossbauer measurements in order to investigate the
5f-orbitals in their magnetic ordered states.

§2. Experimental

The single crystal sample of UGa2 was prepared by
the Czochralski pulling method, that of USb2 by the
self-flux method and that of UAs2 by the chemical trans
port method with iodine. The samples were crushed into
powder in order to perform the transmission Mossbauer
measurements. In usual cases, ®®®U Mossbauer effects
in uranium intermetallics can be observed below 200 K.

Since the Curie temperature is about 125 K,^' we have
measured the Mossbauer spectra at 150 and 5.1 K. Since
the Neel temperatures are above 200 K in UAs2 and
USb2,®'®' we have measured at 5.3 K, in their antiferro
magnetic states. The source used was ̂ ^^Pu02.^^' The
velocity calibration was referred to the laser calibrator.

§3. Results and Discussion

Figure 1 shows the ̂ ®®U Mossbauer spectra of UGa2
at 150 K and 5.1 K. A symmetric singlet resonance line
is observed in the paramagnetic state of 150 K, whereas
the spectrum becomes asymmetric and broad in the fer
romagnetic state of 5.1 K. The hyperfine interaction can
not be observed at 150 K within an experimental error.
Since the Curie temperature of UGa2 is about 125 K,^'
the combined hyperfine interaction can be observed at
5.1 K.

The obtained spectrum at 5.1 K suggests the two pos
sible relationships between the hyperfine field and elec
tric field gradient (EFG) tensor as follows; either (a) the
main axis of the EFG tensor is perpendicular to the hy
perfine field, parallel to the [0001] direction or (b) the
main axis of EFG tensor is parallel to the hyperfine
field, namely [1120]. In the case of (a), the direction of
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Fig. 1. 238u Mossbauer spectra of UGa2 at 150 and 5.1 K.

the main axis of the EFG tensor is certainly appropriate
from the point of the crystallographical view, but the re
lation between the magnetic moment and the quadrupole
moment is inappropriate from the point of the symmet
rical view. In the case of (b), the relation between the
quadrupole moment and magnetic moment is appropri
ate at least from the point of symmetrical view. Any
way, since the nuclear quadrupole interaction, which is
too small to be observed in the paramagnetic state, can

be clearly observed in the ferromagnetic state, this re
sult suggests that the nuclear quadrupole interaction has
been surely induced by the ferromagnetic ordering. The
spectral analysis at 5.1 K was performed with the cal
culated eigenvectors and eigenvalues obtained from the
Hamiltonian without using the perturbation. In the case
of (b), the obtained Mossbauer parameters are shown in
Table I. In the case of (a), only the magnitude of the
quadrupole splitting (QS) is by a factor - 0.5 as much
as that obtained in the former case. The hyperfine cou
pling constant at 5.1 K is 150 ± 20 T / /tb- This value

Table!. The 238^ Mossbauer parameters of UGa2 at 150 and 5.1
K.

Temperature

K

ffhf
T

QS (= e^gQ)
mm

is almost consistent with other uranium intermetallics

other than URu2Si2.^^'^^' The QS values are generally
represented by

QS = e^qQ,

where e is the charge of the proton, Q the quadrupole
moment of the Mossbauer level and q the value of
the main axis of the EFG tensor. It is represented by

eq = -b{J\\a\\J)0^^{r''),

where b is the coupling constant equal to 0.975 x 10^® V
/ cm^, (J||a|| J) the Stevens factor, 0° the quadrupole
tensor in the electronic system, and (r~^) the expecta
tion value of (J|lal| J) is negative when the valence
of uranium atoms is either trivalent or tetravalent.^"*'
The sign of the EFG tensor is positive. This suggests
that the 5f-orbital is elongated along the magnetic easy
axis. Figure 2 shows the Mossbauer spectra of UAs2
and USba at 5.3 K. Since the Neel temperatures of these
compounds are 274 K of UAsq and 203 K of USb2, both
of the observed spectra also include the combined hyper
fine interaction.^) The magnetic structures were already
known and the main axis of the EFG tensor is suggested
by the crystal structure.'^-®' The direction of the hyper
fine field is most likely to be parallel to that of the main
axis of the EFG tensor. When the Mossbauer parame

ters are determined with the same way as in the case of
UGa2, the obtained ones are shown in Table 2.

Since the sign of QS values are negative, these re
sults indicate that the quadrupole tensor is oblate in the
tetragonal (001) plane as mentioned above. In other
words, the 5f-orbitals in these compounds are spread
within the basal plane. These are probably related to
the 2D Fermi surfaces in UAs2 and USb2. The hyperfine
coupling constants of these compounds are 170 ± 10 T
/ fiB in UAs2 and 140 ± 10 T / /tb in USb2, respec
tively. These values fairly agree with that of UGa2 as
mentioned above. The induced nuclear quadrupole in

teraction in UAs2 and USb2 could not be discussed with
the present results.

Summary

We have observed the induced nuclear quadrupole in
teraction in the ferromagnetic state of UGa2. Judging
from the point of the symmetrical view, the sign of the
nuclear quadrupole interaction is positive. It suggests
that 5f-orbital is elongated from [1120] direction. In the
antiferromagnetic states of UAs2 and USb2, We have
also observed the combined hyperfine interactions. Con
sidering the crystal and magnetic structures, it suggests
that 5f-orbitals is oblate within (001) plane in these com-

Tablell. The 238^ Mossbauer parameters of UAs2 and USb2 at
5.3 K,

150

5.1 440 ± 60

0 ± 9.2

44.6 ± 14.2

Compounds Hhl QS (= e^qQ)
T mm s"^

UAS2 270 ± 20 - 31.3 ± 6.3

USb2 270 ± 20 - 35.4 ± 9.3
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Fig.2. 238u Mossbauer spectra of UAs2 and USb2 at 5.3 K.

pounds. The present results indicate that the states of

the 5f-orbitals are determined with 238 y Mossbauer spec-
troscopy in UGa2, UAs2 and USb2. The hyperfine cou
pling constants of these compounds are nearly equal to
about 160 T / fj,B-
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