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ABSTRACT

Both UC and UN are semi-metallic materials with the
NaClocrystal structure and lattice parameters 4.96 and
4.89A, respectively. UC is nonmagnetic with a susceptibil-
ity that is temperature independent, whereas UN becomes
antiferromagnetic at 53°K with ordering of the first kind.
Solid solutions of the form UCj X exist for 0 _< x <_ 1.
Neutron-diffraction experiments nave been performed on five
samples with 0.85 <_ x <_ 0.95. Over this region of x both
TN and the ordered magnetic moment per U atom decrease
linearly from TN = 53°K and 0.75 uB for UN (x=l) to T N = 30°K
and 0.35 yg for x = 0.88. The composition x = 0.86 shows no
ordering in the neutron experiments. The absence of mag-
netic order for x < 0.88 has been confirmed by magnetization
measurements. In the range of x examined the effective para-
magnetic moment is 3.25 + 0.10 ug/U atom, close to the value

of ^ 3.1 u_ for UN.
is

INTRODUCTION

A number of solid solutions of uranium compounds with the NaCl
crystal structure have been examined during the last few years, for
example, UAs-US.1 In these systems, both end members are magnetic,
the pnictides (N,P,As) being antiferromagnetic and the chalcogenides
(S,Se) being ferromagnetic. Neutron-diffraction studies of inter-
mediate compositions in these systems have shown that long-range
magnetic structures exist. Such magnetic structures suggest that
the exchange interactions are long range, but the precise nature of
the exchange interaction remains obscure. In principle, studies of
systems in which the magnetic interactions are diluted (rather than
changed from antiferro- to ferromagnetic) should be easier to in-
terpret. Magnetization studies on UP-ThP2 and US-ThS3 compositions
have shown that the critical concentration of thorium (i.e. that
composition at which no magnetic ordering is observed is t 40Z).

A potentially similar system is that of UC-UN. Uranium carbide
is nonmagnetic with a temperature-independent susceptibility. This
temperature-independent susceptibility has been explained in terms of
both a band model,4 and a localized 5£2 configuration in which the
crystal-field ground state is the Y\ singlet. Uranium nitride is
antiferromagnetic at 53°K with ordering of the first kind in which
ferromagnetic (001) sheets of uranium moments are stacked in a + -
sequence along the [001] axis. The magnetic moments within any sheet

^Performed under the auspices of the U.S. Atomic Energy Commission.



are parallel to the {001} axis.6 The effective paramagnetic moment,
derived from the slope of the 1/x versus T curve at high temperature
is -v 3.2 uB/U aton. This is close to both the free Ion 3f2 amJ 5Jl3

values of 3.58 u» and 3.62 jiB, respectively. Surprisingly, there-
fore, the ordered moment at 5*K la only 0.75 iig/tl atom. This low
value of the ordered moment in UN poses the major problem in trying
to understand the electronic structure of this material. The mag-
netic behavior of UN has been discussed (a) in etna of a Sf3 con-
figuration5 with J-mixing that results in a lowering of the~**gnetic
moment froa the free-ion value, (b) in terns of a 5J[2 configuration
with a singlet-ground state (i.e., as in UC) but with a large ex-
change field that induces a magnetic moment at low temperature,7

and (c) in terms of an itinerant-band model8 which assumes a hy-
bridization of the d and _f electrons.

EXPERIMENTAL

The uranium carbide vaa obtained from high-purity fused roda.
The uranium nitride was made by a gas reaction of uranium povder and
NH3. An initial batch of stolchiometrle U C Q J N Q ^ was prepared by
mixing the correct amounts of the constituent compounds» pressing
a pellet and firing at 1600*C for 4 hours. It was necessary to crush
the pellet and repeat, firing three times in all, to obtain a single
phase material. Other compositions were produced from the ̂ 0.5^0.5
by adding the necessary amount of UN, pressing a pellet, and re-
peating the firing procedure. The lattice parameters at determined
by X-ray diffraction are given in Table I and are in good agreement
with Anselin et al.9 No evidence for additional phases was observed
in either the X-ray or neutron experiments.

Table I Properties of UC-VN Solid Solutions

a CA) TMCK> V B /« atom
Composition o n o
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Neutron-diffraction experiments on the samples listed in Table 1
were performed at the GP-5 Retttrch Reactor, the variation of the
ordered magnetic moment with composition la shown In Fig. 1. The
magnetic structure in all ordered samples f* the type~I arrangement
(I.e., as in VH). The Heel ti-mpe rat ores determined by neutron
4t£fraction are given in Table i. The neutron experiment* arc in-
sensitive to ordered moment* less than 0.25 P B (indicated by the
dashed line in Fig. 1). We have therefore, performed magnetisation

experiments on the samples x *
0,88 and x « 0.86 to test
whether the critical composi-
tion xc is less than the simple
extrapolation of the straight
line, which gives xc * 0.80, in
Fig. 1. The variation of 1/x
versos T for the two sample* is
given in Fig. 2. From the hifh-
temperasure portion of the rurve
we obtain an effective para-
magnetic moment of 3.2 • 0.1
ug/U atom for both samples. The
value fer UN is 3.2 uj/U atom.
The paramagnetic Curie tem-
perature (i.e., the intercept
when 1/x - 0) is 6 - -42O*K for
yoth samples. This is different
from the value of 6 • -320**
quoted for UK. However, the
determination of this constant
1* very sensitive to the extrap-
olation; to obtain an accurate
value, the susceptibility at
temperatures greater than 3Q0*K

must be measured. The low-temperature behavior of the susceptibility
is quite different for the two samples and is illustrated in the in-
sert. The neutron experiments indicate that the Neel temperature of
the x - 0.88 sample is 30 * 2*K. At this temperature, we observe a
minimum in t/x indicating a paramagnetic to antiferromagnetic trans-
ition. For x « 0.86, on the other hand, no minimum is observed in
1/x and we conclude that this composition does not order magnetically.
No evidence for short or long-range magnetic order was observed in the
neutron experiments with the x « 0.86 sample.

DISCUSSION

de Novion and Costa10 have measured the magnetic susceptibility,
specific heat, and electrical resistivity of eleven samples in the
UC-UN system and obtained a critical concentration xc *v 0.90. Sim-
ilarly, Ohmichi and coworkers have reporeed magnetic susceptibility11

electrical resistivity, and thermoelectric power12 of six samples and
obtained a critical concentration xc • 0.40. Although agreement be-
cween the authors exists on measurements of other properties, the

Fig. 1. Variation of the ordered
magnetic moment of S*K as a func-
tion of composition



major difference in x ,
vhieh is the moat important
magnetic property of the
system, remain* unexplained.
This difference haa in fact
been tho subject of a secies
of controversial exchanged
in the literature.13

Our measurements give
a value of x • 0.86 + 0.02
and are therefore in agree-
ment with de Novion and
Costa.10 The rapid quench-
ing of the magnetic moment
in UN with carbon substi-
tution is particularly sur-
prising considering that xc

for the OP-ThP and US-ThS
systems is -\. 0.40. In these
latter systems the uranium
atoms ore replaced by non-
magnetic thorium atoms,
whereas in the UC-UN system
the uranium atoms are left

unaltered. For low values of x in the Th1-JcllxP and Thj^U S systems
th i b h

n«un*i,

Fig. 2. Inverse nolar susceptibil-
icy as « function of temperature
for the two samples near the
critical concentration.

1 J c x j ^ y
the wraniuai atoms behave as magnetic impurities in a nonmagnetic
matrix and! exhibit an effective paramagnetic moment per uranium atom
in dilute alloy*, e.g., 2% V? in thP. Magnetic ordering occurs when
the concentration of uranium is sufficient to sustain the exchange
Interaction*. However, the situation in W 1 - X » x is quite different,
and cannot be treated as a magnetic impurity problem. Hot only does
the ordered moment vanish with a small carbon concentration Cxe»0.86)
but no effective paramagnetic moment is observed for x leas than
0.40.10 On the other hand, if the 5f2 configuration is correct for
both US and UC then the effective moment (as measured in the range
100-30Q*X) should disappear for values of x just less than xc (i.e.,
greater than x ~ 0.40), This is because the exchange in the molecular
field theory is very small for x < xc (since no ordering is observed)
and a temperature-independent susceptibility similar to that in UC
should be observed at low temperature. Alternatively, if the ground
state of UN is Sf3 and VC is 5f2, the magnetic properties of the
system depend strongly on the nearest-neighbor environment around the
uranium atom; this might- explain the rapid quenching of the ordering
an the carbon concentration is increased.

A more quantitative interpretation of the results OP the UC-UN
system must, in our opinion, await a more detailed understanding of
the electronic properties of both VC and UN.
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