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The specific heat of a single crystal of US has been measured between 1.25 and 4.55 K. A {C/T)-vs-T2
analysis of the data yields a good straight-line fit which corresponds to values for y and 8D of 25.3
m J/(mole K ) and 1S1 K. The data show no evidence of a T spin-wave contribution, but do support the
view that the linear term in the specific heat is not solely a conduction-electron contribution.

INTRODUCTION

The specific heat of polycrystalline US was measured
between 1.6 and 350 K some years ago. ' The authors re-
ported that the low-temperature specific heat included a T/
spin-wave contribution and further that y, the coefficient of
T in the linear contribution to the specific heat, appeared to
be considerably smaller at high temperatures than at low.
This latter characteristic has been noted in other of the
uranium monopnictides and chalcogenides. ' '

Recently, Rudigier, Fierz, Ott, and Vogt6 have measured
the low-temperature specific heat of single crystals of USb
and UTe. These were the first such measurements on sin-
gle crystals of the cubic binary uranium compounds, and
they yielded y values for these two substances which are
significantly smaller than the low-temperature values report-
ed for other of these compounds. ' Blaise et a/. ' have specu-
lated that the large low-temperature y's may include a mag-
netic term which could be sample dependent, and which
might well be larger for polycrystalline than for single-crystal
samples. Because of this possible difference between single
and polycrystalline samples, and because the T'' term re-
ported to be present in the earlier low-temperature specific-
heat measurements on US is surprising in view of the mag-
netic anisotropy present in that material, we have made
specific-heat measurements on a single crystal of US in the
temperature region 1.25-4.55 K.

EXPERIMENT

The sample used was a 3.933-g single crystal of uranium
monosulfide which came from the same batch as the single
crystals used in the magnetic measurements made by Alfred
and Troc. The sample preparation is described in Ref. 8.
The specific-heat data were obtained using the transient

method discussed by Gordon, Hall, Lee, and Mortimer. ' In
the present experimental arrangement the sample was
sandwiched between two copper plates, one of which was
thermally connected to a 1.1-K pumped-4He pot by a small
stainless-steel wire. A calibrated germanium thermometer
was connected to this plate and a one kilohm film heater
was attached to the plate on the opposite side of the sample.
The heat capacity of the addenda in this experimental ar-
rangement was measured. It was found to be about 16'/0 as
large as the sample heat capacity at 1.25 K and about 38'/0 as
large at 4.5 K. In order to check the experimental method,
we replaced the single crystal of US by a 2.661-g sample of
high-purity aluminum. Specific-heat measurements between
1.25 and 4.55 K yielded values for y and OD of 1.34

m/J(m loe K) and 423 K, respectively. These values lie
within —1'/0 of the values of 1.35 and 427.7 reported for Al
by Phillips '0

RESULTS AND DISCUSSION

Our specific-hest results for US are plotted in Fig. 1,
along with the low-temperature data of %estrum, %alters,
Flotow, and Osborne. ' The agreement between the two sets
of data is reasonably good, although the latter data fall

slightly lo~er on the graph. The difference is about 3'/0 at
the low-temperature end and about 1/0 at the higher tem-
peratures. This disparity doubtless reflects both experimen-
tal uncertainty in the two sets of measurements and actual
differences in sample composition. Nevertheless, it is small
compared to the disparities which exist in the case of
specific-heat measurements on other cubic uranium com-
pounds.

Figure 2 is a conventional (C/'r)-vs-r graph of the
present data. It is evident that the data are well fitted by a
straight line, and show no anomalies belo~ 4 K of the kind
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FIG. 1. Molar specific heat of uranium monosulfide. The crosses
represent the present measurements and the triangles those of Wes-
trum et al. (Ref. 1}.
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FIG. 2. (C/T) vs T2 gra-ph -of the molar specific heat of US.
The straight line is determined by a least-squares fit to the data and

corresponds to the equation C/T = 25.3+0.330T m I/(mole K ).

reported by Rudigier et al. ' A least-squares fit to the data
yields an expression for the low-temperature specific heat of
US which is given by Eq. (1):

C = 25.3T+0.330T' mJ/(mole K)

Equation (1) implies values for y and Oo of 25.3 mJ/
(mole K') and 181 K (assuming 3N Debye modes), respec-
tively.

It is possible, of course, to include a T' ' term in a least-
squares fitting of our experimental results for the specific
heat. If we do so, we obtain

C =24.2T+0.856T ~+0.287T3 mJ/(mole K) . (2)

This expression is to bc compared with that used by "Wcs-

trum et al. ' and Flotow, Osborne, and %'alters' to represent
their data:

C = 23.3T+1.099T' '+0.283T' mJ/(mole K) . (3)

The coefficients in the two expressions for C are quite
similar. In each the second term contributes relatively little
to the value of C over the temperature range 1.25-4.55 K.
The coefficient of the T'i' term in Eq. (2) is obtained from
the least-squares fit, while that in Eq. (3) was evaluated
from the formula given by Dyson" for an ideal Heisenberg
ferromagnet. However, US is a highly anisotropic fcrromag-
nct. ' One should therefore not expect a T' ' contribution to
the low-temperature specific heat. "' %bile we have in-
cluded such a term in arriving at Eq. (2) in order to allow
comparison with the earlier work, statistical criteria for
goodness of fit to our experimental results provide no justi-
fication for inclusion of this term. In our view, then, nei-
ther spin-wave theory nor the present experimental results
lead to the conclusion that the low-temperature specific heat
of single-crystal US includes a T spin-wave contribution.

On the other hand, it is likely that the linear term in Eq.
(1) contains more than just a conduction-electron contribu-
tion. %'hether this enhancement is due to magnetic effects
of the kind postulated in Ref. 5, to spin-fluctuation effects,

or to electron-phonon or other many-body effects is not
clear. However, it does seem evident that this enhance-
ment, whatever its origin, is roughly the same for single and
polycrystalline samples. Therefore, the apparent difference
in high- and low-temperature y's seen in the polycrystalline

US (Ref. 2) is likely to be present in the single crystal as

we11. %'e hope to make specific-heat measurements on this

single crystal from helium to room temperature to deter-
mine if this is, in fact, the case.

SUMMARY

%e find that the low-temperature specific heat of a single
crystal of US is well represented by a simple sum of a linear
and a cubic term. Our data provide no evidence for a T' '
spin-wave contribution. The y value obtained from our
measurements is in reasonably good agreement with that
obtained earlier for a polycrystalline sample of US, ' and is
therefore considerably larger than the high-temperature
value of y reported in Rcf. 2. It is also larger than would
be predicted on the basis of band-structure calculations. "
The origin of this apparent enhancement of the low-

temperature y of US, as well as of the low-temperature y's
of other binary uranium compounds, appears to us to merit
further study, for the effect can now be regarded as an in-

trinsic property of these materials and not merely as an ano-
maly due to impurity or polycrystalline effects,

Note added in proof H. Rudigier, H. .R. Ott, and O. Vogt
[Physica 13 130, 538 (1985)l have recently reported
specific-heat results on single crystals of a number of cubic
uranium compounds other than US. The results reported
herc are consistent with their data and conclusions.
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