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Ternary uranium oxides CoU;04 and NiU;0, with hexagonal
structure were prepared. From their magnetic susceptibility mea-
surements, we have found that these compounds show antiferro-
magnetic transitions at 32.5 and 35.3 K, respectively. The oxida-
tion states of uranium in the compounds are also discussed. 1995
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INTRODUCTION

Magnetic properties of uranium-3d transition metal ter-
nary oxides such as MUO, (M = Cr, Mn, Fe, Co) have
been extensively studied and many interesting magnetic
cooperative phenomena have been observed at low tem-
peratures (1, 2). However, the magnetic properties of
CoU,0, and NiU,0; have not yet been reported.

In this study, we prepared the compounds ColU,0, and
NiU,0Q, and carried out their magnetic susceptibilty mea-
surements from 4.2 K to room temperature to elucidate
their magnetic properties.

'EXPERIMENTAL

I. Sample Preparation

CoU,0, was prepared by the following reactions:

3C00 + U,0,—2%%5 3CoU0,, (1]
CoUO, + U0, 22 CoU, 0. [2]

The CoUOQ, was prepared by firing intimately ground mix-
tures of CoO and U;Oy; in air at 1000°C for a day. The
CoU,0, was prepared by heating 1: 1 mixtures of CoUQ,
and UO, in an evacuated quartz tube at 800°C for a day.
To avoid the reaction of these mixtures with quartz, the
mixtures were wrapped with molybdenum foil. After cool-
ing to room temperature, the same grinding and heating
procedures were repeated.

Since the compound NiUQ, is not synthesized at ord:-
nary pressure (3), we prepared NiU,0; by the following
reaction:

NiO + U0, + UQ, 2% NiU,O,. (3)

The UQ, was prepared by heating in air at 400°C the
uranium precipitates formed by adding hydrogen peroxide
to a nitric acid solution of UO,(NO;), - 6H;0. The NiU,04
was prepared by heating mixtures of NiQ, UO,, and U0y,
which was wrapped with molybdenum foil, in an evacu-
ated quartz tube at 800°C for a day. After cooling to
room temperature, the sample was ¢crushed into a powder,
pressed into pellets, and reacted under the same condi-
tions.

2. Analysis

An X-ray diffraction study was performed with CuKe
radiation on a Philips PW 1390 diffractometer. The lattice
parameters of the samples were determined by a least-
squares method applied to the diffraction lines.

The oxygen nonstoichiometry in the specimen was
checked by the back-titration method (4). A weighed sam-
ple was dissolved in excess cerium(IV) sulfate solution.
Then, the excess cerium(IV) was titrated against a stan-
dard iron(1D) ammeonium sulfate solution with ferroin indi-
cator. The results of the oxygen analysis indicate that in
view of the error limits for this analysis, the samples
prepared in this study are considered to be oxygen-stoi-
chiometric.

3. Magnetic Susceptibility Measurement

The magnetic susceptibility was measured with a Fara-
day-type torsion balance in the temperature range be-
tween 4.2 K and room temperature. The temperature of
the sample was measured by a ‘‘normal’” Ag vs Au-0.07
at% Fe thermocouple and an Au-Co vs Cu thermocouple.
To examine the field dependence, the magnetic suscepti-
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TABLE 1
Lattice Parameters of CoU,;04 and NilU,0;
Compounds This study Kemmler-Sack
CoU =91124 A =9.095
e cla=0s [ 4.3§0§ cla = 0.549
i = 9.0215 =9,
NiU0s a 59_3;19 4 cla=0557 o2 g_gg é cla = 0.556

bility was measured in each of the field strengths of 2800,
4700, 6900, 9000, and 10,600 G. Details of the experimen-
tal procedure have been described elsewhere (5).

RESULTS AND DISCUSSION

The X-ray diffraction analysis shows that both com-
pounds presented here, CoU,04 and NiU,0,, are crys-
tallizing hexagonally in the Na,SiF, structure (space group
P321) (6), in which both cobalt (nickel) and uranium ions
are in the distorted octahedral crystal field by six oxygen
ions. Their lattice parameters are listed in Table I, They
are in good agreement with the results reported by
Kemmler-Sack (7).

Figure 1 shows the temperature dependence of the mag-
netic susceptibilities of ColU,04 and NiU,0,. This figure
indicates that both the compounds show the antiferromag-
netic-type transitions at low temperatures. Their Néel tem-
peratures (Ty) are 32.5 and 35.3 K, respectively. The Ty
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FIG. 1. Magnetic susceptibility vs temperature curves for CoU,0q
and NleO(,
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TABLE 2
Magnetic Data for CoU,0; and NiU,04
Compounds Tw(K) Megrlpip) 8(K) xolemu/mole)
CoU,0; 2.5 5.27 -27.8 —
NiU,0, 35.3 3.11 -6.9 11 x 1073

of CoU,0q is higher than those of the starting materials
CoUQ, (T = 12 K) (8) and UO, (T = 30.8 K) (9). The
results of the susceptibility measurements for CoU,0O4 and
NiU,0,at different magnetic fields indicate that the suscep-
tibility does not depend on the applied magnetic field. Be-
low Ty, the susceptibility for both compounds drops very
rapidly with decreasing temperature. At very low tempera-
tures (<8 K), the susceptibility remains constant.

Table 2 lists the magnetic parameters for these two com-
pounds. For CoU,0Qq, the Curie—Weiss law holds in the
temperature region between 120 K and room temperature.
Its effective magnetic moment is calculated to be 5.27 ug.
In the case where the ionic model Co?* U3* 02~ is valid for
this compound, one Co®" ion and two U** ions contribute
to the effective magnetic moment of 5.27 ug. If we assume
that the effective magnetic moment of Co** ion in the
CoU,0q is comparable to the moment for CoUQ, (8), the
moment for the U** ion is calculated to be 1.18 ug. This
value is quite reasonable for the moment of a U*" ion in an
octahedral crystal field (10). If the ionic model Co?*U**
USt0QZ~ were valid, such a compound should show a large
temperature-independent paramagnetism, due to the mag-
neticproperty of a U4t ioninanoctahedral crystalfield (11).
The results of the magnetic susceptibility measurements
deny this ionic model. From these considerations, we infer
the ionic model Co** U3+ 02",

The magnetic susceptibility of NiU,0O, does not follow
the Curie~Weiss law. From the extrapolation of the recip-
rocal temperature, 1/T to 0, the temperature-independent
susceptibility (x,) is obtained to be 1100 x 1075 emu/
mole. The experimental magnetic susceptibility (x.,,) is
found to follow a modified Curie-Weiss law; x,,, = 1.21/
(T + 6.9) + 1.1 x 107, When the effective magnetic
moment for Nil,0y is determined from the temperature-
dependent part of the susceptibility, it is calculated to be
Meoir = 2.828 V1.21 = 3.11 gy This value is larger than
the moment calculated for Ni?t (u =2V S(S + 1) = 2.83
up), from which the moment of U™ ion is calculated to
be 0.92 up. This value is an appropriate moment for the
U’* ion in an octahedral crystal field (10), which suggests
the ionic model NiZ* U3t 02 for NiU,0.
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