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The temperature dependence of the electrical resistivity and the Hall resistivity in magnetic fields
up to 100 kOe is reported for US, USe, UTe, UP, UAs, and USb single crystals. The temperatures
of the various first- and second-order magnetic phase transitions are derived as singularities in p(T)
and dp(T)/dT, respectively. The magnetic part of the resistivity of the uranium monochalcogenides
(UX) is proportional to T?exp(—A /kpT), as expected for electron-magnon scattering. The value of
the spin-disorder resistivity of all UX compounds can be interpreted with the same exchange in-
tegral. In UTe and USDb, a logarithmic decrease of p(T), known as the Kondo anomaly, is observed
for T'> T¢y. This behavior is discussed in the framework of existing theories and experiments on
intermediate-valence and dense Kondo systems. Thus, the ferromagnetic ordering of UTe at 102 K

is a new high T¢ for a Kondo material.

INTRODUCTION

The uranium monochalcogenides and monopnictides
have attracted, over the last two decades, increasing atten-
tion from both experimental and theoretical solid-state
physicists. Uranium monochalcogenides (UX, X =S,
345¢, spTe) and uranium monopnictides (UZ, Z =N, 5P,
33As, 51Sb, g3Bi) crystallize with the fcc NaCl-type struc-
ture. The UX compounds show ferromagnetic ordering,
with T decreasing from 177 to 102 K with increasing
anion atomic number. The monopnictides order antifer-
romagnetically with T increasing with increasing anion
atomic number.! The dominant and most puzzling ques-
tion is the degree of localization of the 5f electrons. Pho-
toelectron spectroscopies, such as x-ray photoemission
spectroscopy? (XPS) and ultraviolet photoemission spec-
troscopy’>—> (UPS), using excitation energies above 40 eV,
have been interpreted in terms of a ~2-eV-wide f-d band
at € for the light UX and UZ compounds. For the
heavier compounds, Reihl, Martensson, and Vogt,’ using
UPS, term the f state “quasilocalized” in USe, UTe, and
USb, while Baer,>® using XPS, reserves a localized char-
acter for the f electrons in UTe. Optical’ and magneto-
optical spectroscopies,® using energies in the (0.1—5)-eV
range, show a rather continuous narrowing of the f state
with no final-state splittings. However, the decrease of
the magneto-optical response in UTe points to a substan-
tial decrease of the spin-orbit splitting which may reflect a
partial quenching of the orbital momentum due to strong
f-d hybridization.

Inelastic neutron scattering,” ~ using still lower excita-
tion energies, finds branches of well-defined magnetic ex-
citations'in UTe and USb and a broad featureless frequen-
cy response in US and UAs. Specific-heat data below 10
K extrapolate to an electronic y(0) term which decreases
nearly linearly as function of lattice constant from ~23.3
mJ/K?mol for US (Ref. 11) to 14.3 mJ/K?mol for USe
(Ref. 12) to 10.3 mJ/K?mol for UTe (Ref. 12). In the
pnictide series, y(0) peaks at UAs, but the values reported
by different authors for USb vary from 0.2 (Ref. 12) to 9
mJ/K?mol (Ref. 13). Thus, in addition to the inherent
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difficulty in relating high-energy techniques measuring
excited states to low-energy techniques probing ground-
state properties, there also exist significant differences be-
tween results of the same class and even the same type of
experiments.-

With the aim of shedding more light on the ground-
state properties of the uranium chalcogenides and pnic-
tides, we have performed electrical-resistivity measure-
ments as a function of temperature (2—350 K) and mag-
netic field (0—100 kOe) for US, USe, UTe, UP, UAs, and
USb single crystals. Except for US,'* 5 all prior measure-
ments on some of these materials have been performed on
powders or sintered polycrystalline samples.'®=2! We also
report Hall-effect measurements as functions of tempera-
ture and field for some of the samples.

EXPERIMENTAL DETAILS

For the measurement of the electrical resistivity and the
Hall effect, the four-point ac van der Pauw method has
been used. The samples were [100]-oriented platelets with
typical dimensions of 2X20.5 mm?® which were cleaved
out of larger crystals and which were sometimes polished.
Electrical contacts were made with tungsten tips pressed
onto the crystals near the edges. Whenever possible,
preference was given to a square arrangement of the con-
tacts to minimize the zero-field signal in the Hall configu-
ration. Magnetic fields up to 100 kOe were generated by
a split-coil superconducting magnet, and the sample was
rotated by 180° to allow the measurement in the reversed
field direction. The data points were either collected by
manually zeroing the ac-bridge output or by taking a
computer-controlled measurement of the potential drop
over the sample. The error on the absolute resistivity
values in our geometry is estimated to be less than 10%,
which is small compared to the variation from sample to
sample due to the Schottky defects introduced by growing
single crystals at temperatures exceeding 2000°C.?> The
accuracy of the temperature measurement is 1 K over the

-entire temperature range.
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RESISTIVITY OF URANIUM
MONOCHALCOGENIDES

The temperature dependence of the resistivity p in zero
field of US, USe, and UTe single crystals is displayed in
Fig. 1. At first, the three curves may appear to be quite
similar, with a strong increase of the resistivity with in-
creasing temperature for 7' < T¢ and a much weaker tem-
perature dependence above Tc. However, the quantitative
analysis which we present reveals very substantial differ-
ences.

US. The residual resistivity po for the five investigated
US samples varied between 19 and 45 pQ cm, with most
samples having a value near 40 uQcm. Above 240 K,
and up to the limit of our measurements at 350 K, the
resistivity increases linearly with temperature. The slope
gives ¢, =0.092 uQ cm/K. To extract the magnetic con-
tribution to the resistivity we must subtract the phonon
contribution also at lower temperatures. For this we have
extrapolated the phonon contribution to zero temperature.
In view of a Debye temperature in the range of 200 K,
this procedure may appear questionable. However, resis-
tivity measurements on nonmagnetic ThS powders?' and
ThSb single crystals®® show a linear temperature depen-
dence of p down to ~20 K, indicating important low-
energy phonon scattering. After subtraction of the residu-
al resistivity and the electron-phonon—scattering part, the
resistivity below =~ 100 K can be fitted with a T2 law, i.e.,
we have

p:CmT2+cphT+p0- (l)

The ordering temperature manifests itself by a maximum
in dp(T)/dT at (177+1) K, in perfect agreement with
magnetization measurements.?*
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FIG. 1. Temperature dependence of the electrical resistivity p
of three typical single crystals of US, USe, and UTe in zero
field. The arrows indicate the ordering temperature as deter-
mined by the temperature of largest dp(T)/dT. The fits (solid
lines) have been shifted by a constant Ap for clarity.
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USe. The residual resistivity of the USe samples was
found to be a factor of about 2 larger than that of US, the
variation between six investigated samples being of the
same order (82—105 uQcm). As for US, the resistivity
increases linearly with temperature above 240 K. Howev-
er, the slope cyy is smaller than in US (Table I). This is in
contrast with the situation in the respective thorium chal-
cogenides,”! where the material with the smaller Debye
temperature has the larger ¢, as expected. The anomaly
for USe may be due to an additional resistivity term with
dp(T)/dT <0, as is unambiguously observed in UTe.

Up to about 150 K the resistivity of USe fits the expres-
sion

~A/ky

p= CmT2€ T+CphT +po - (2)

The Curie temperature is deduced from the maximum in
dp(T)/dT to be (160+1) K (Fig. 2), which agrees with
magnetic data.’

UTe. The residual resistivity of UTe is found to be
~170 pQ cm, which greatly exceeds the values observed
for US and USe. Yet, most striking is the appearance of a
maximum in the resistivity at 140 K. The decrease of the
resistivity of UTe with increasing temperature from 205
K up to the high-temperature limit of our measurements
can be fitted with a term

pKOCChl(kBT/EF) . 3)

Below the ordering temperature, which we derive from
the maximum in dp(T)/dT to be 102 K (Fig. 2), p(T) is
extremely steep. If we try to fit the data with a power
law, good agreement is achieved for T' <90 K with

p—pocT>°. )
Alternatively, a fit with Eq. (2) gives even a slightly better
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FIG. 2. Temperature derivative of the electrical resistivity of
USe and UTe. The maxima give the ordering temperatures.
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TABLE I. Results and fit parameters from our transport measurements. For the chalcogenides, €7 is set and the exchange is computed. For the pnictides, the exchange values are
set, and € and the number of conduction electrons per formula unit are computed. The brackets for ¢, of UTe and USb indicate that these values are.estimates from the low-

temperature fits of the resistivity. (f.u. represents formula unit.)

4J(J +1)
(2T +1)?

I J(J+1)g—1)7?

I, S(S+1)
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5.1%107° pQecm/K*
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agreement if A and ¢, are taken to be free parameters. If
we set A=165 K to correspond to the spin-wave gap
found at T in UTe,'° the least-squares error is larger than
for the fit using Eq. (4). Figure 1 shows the best fit using
Eq. (2), and Table I gives the corresponding fit parame-
ters.

HALL RESISTIVITY OF URANIUM
MONOCHALCOGENIDES

The Hall-resistivity measurements were extremely diffi-
cult. Upon cycling the field or the temperature, many
samples broke and in some cases the electrical contacts be-
came unstable. Thus we did not succeed in measuring a
full temperature cycle in both field directions for any one
of the five UTe single crystals. Furthermore, quantitative
differences were observed for various samples of the same
material, and we would like to restrict ourselves here to a
semiquantitative discussion of the results. Figure 3 shows
the total Hall resistivity pgy as obtained for a US single
crystal as a function of temperature for fields of 10, 20,
40, and 60 kOe. The Hall resistivity is positive over the
entire temperature range, with a maximum close to T¢.
For T < T, the Hall resistivity is dominated by the ex-
traordinary Hall effect. The low-temperature values of
pg depend strongly on the residual resistivity of the very
same sample, but for all five investigated samples, py (4.2
K) decreases for H > 10 kOe with increasing field. As-
suming the validity of the empirical formula®

pu=RoB +RM , (5)

where R, and R, are the ordinary and extraordinary Hall
coefficients, respectively, and B=H+47M, the negative
R, indicates the dominance of electron conduction. The
positive sign of the extraordinary Hall effect, on the other
hand, is indicative of the negative spin polarization of the
conduction electrons.

Qualitatively similar results are obtained for USe (Fig.
4). With the aim of also analyzing the paramagnetic tem-
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FIG. 3. Total Hall resistivity of a US single crystal as a func-
tion of temperature for fields ranging from 10 to 60 kOe.
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FIG. 4. Total Hall resistivity of a USe single crystal as a function of temperature, and a fit of the data in the paramagnetic tem-
perature range. The inset shows the separation of the total Hall resistivity of USe in its ordinary and its extraordinary parts for

T > T¢ using Eq. (6). The fit parameters are ®=182 K, HRy= —

perature range, these measurements have been extended to
the highest temperature which could be attained in our
low-temperature cryostat.

For T >>T., the magnetization is small compared to
the induction, and we may replace, for the ordinary part
of the Hall effect, B with H. If the magnetization obeys a
Curie-Weiss law, the total Hall effect can be expressed as

47 C
—H
T—-0

where ® is the paramagnetic Curie temperature and C
denotes the Curie constant. The inset of Fig. 4 shows a fit
of the high-temperature Hall data for USe in which we
have chosen ® so as to give the best fit. The inset of Fig.
4 indicates that the ordinary Hall coefficient is also nega-
tive for T >> T although the total Hall effect is positive.
This result is in contrast to the existing data in the litera-
ture for R, which were collected by Grunzweig-Genossar
et al.' and which were all positive. On the other hand,
the inset of Fig. 4 clearly shows that a derivation of an ex-
act value for the ordinary Hall coefficient and, with it,
possibly a carrier concentration, is imprecise and must
await Hall measurements at much higher temperatures.
As an indication of the order of magnitude, we mention
that in a one-band model the fitted R, corresponds to 0.3
e/f.u. (where f.u. represents formula unit).

PH:R()H +Rs (6)

RESISTIVITY OF URANIUM MONOPNICTIDES
AND MAGNETIC PHASE DIAGRAMS

The temperature dependence of ‘the electric resistivity
of UP and UAs single crystals is displayed in Figs. 5 and
6, respectively. For both compounds the curves are

0.12 uQ cm, and HR; X47C =123 uQl cmK.

marked by two first-order magnetic phase transitions.?¢

In UP the transition from paramagnetism to the single-fg
antiferromagnetic phase is derived to occur at
Ty=(119+1) K. The transition from single to double k
manifests itself as a steep jump at (23+1) K. Owing to
the small temperature interval of the double-k phase, a fit
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FIG. 5. Temperature dependence of the electrical resistivity
of UP in zero field.
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FIG. 6. Temperature dependence of the electrical resistivity
of UAs for magnetic fields of 0, 50, 90, and 100 kOe along the
[001] direction. Consecutive curves are shifted by 100 pQcm
for clarity.

of the temperature dependence of p relies critically on the
exact choice of the residual resistivity. However, the mea-
surements clearly show that the increase of p with T is
stronger than linear. The application of a magnetic field
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of 50 kOe depresses the resistivity in the two antifer-
romagnetic phases by ~5—6 uQcm and has no sizeable
effect in the paramagnetic temperature range. The zero-
field-resistivity curve of UAs (Fig. 6) shows the
paramagnetic—to—single- K antiferromagnetic phase tran-
sition at Ty =(123+1) K in a sudden drop of the resis-
tivity similar to that in UP. The transition to the double-
K structure in UAs, however, is marked by a sudden in-
crease in the resistivity at (64+1) K leading to a max-
imum of the resistivity at (63+1) K. This behavior is
reminiscent of the heavy rare-earth metals Dy and Ho,”’
which are known to have spiral spin structures which in-
troduce new boundaries in the Brillouin zone. As pointed
out by Rossat-Mignod ez al.,?® the difference between the
low-temperature phase transition in UP and UAs is that
in the former material no change in the wave-vector value
occurs, whereas in UAs it changes from 1 to % Below 50
K the resistivity of UAs varies linearly with temperature,
which again is similar to the behavior found in some
rare-earth metals. This behavior has been explained in a
theory of Elliott and Wedgwood?® which takes into ac-
count the formation of new Brillouin-zone boundaries and
a distortion of the Fermi surface due to the different
periodicity of the spin structure and the lattice.

Above 30 kOe a single-f{ ferrimagnetic phase has been
shown to occur between the paramagnetic and the single-
k antiferromagnetic phases.?® The reduced wave-vector
value k =+ of this new phase again produces an enhance-
ment of the resistivity which extends to an increasing
temperature interval with increasing field (Fig. 6). Thus
we deduce, for 100 kOe, a width of 12 K for this ferri-
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FIG. 7. Temperature dependence of the electrical resistivity of USb in zero field, and a T* power-law fit at low temperatures.
Note that a T?exp(— A /T) fit is also possible (see text). The inset shows the derivation of Ty from the resistivity data.



30 TRANSPORT PROPERTIES OF US, USe, UTe, UP, UAs, USb, . . .

magnetic phase, in good agreement with magnetic and
neutron data.?

The low-temperature phase transition in UAs is only al-
tered in the vicinity of 90 kOe. Hence the resistivity for
T <50 K remains unchanged upon application of a field
of 50 kOe. At 100 kOe the double_-jg antiferromagnetic
phase is substituted for by a double-k ferrimagnetic phase
with k =0.66. This manifests itself both in a lower resis-
tivity at low temperatures and in a larger peak immediate-
ly at the phase transition.

The temperature dependence of the resistivity of USb
(Fig. 7) is markedly different from that of UP and UAs.
It is dominated by a very large, broad maximum centered
at 140 K. The value of more than 1000 uQcm in this
maximum is typical for a semimetal. As shown in the in-
set of Fig. 7, the Néel temperature appears as a maximum
of —Ap/AT at (215.5+1) K. The low-temperature part
of the resistivity follows a T* power law up to 45 K, as
indicated by the fit in Fig. 7. However, as for UTe, a fit
with Eq. (2) is also possible and a smaller least-squares er-
ror can be obtained due to the larger number of free pa-
rameters. Table I gives these parameters for both fits.
The residual resistivity of the six investigated samples
varied between 90 and 160 Q) cm. The increase of the
resistivity below Ty by more than 400 Q) cm and the fol-
lowing decrease by about 1000 pQcm down to 4 K is
quite unique and may have its origin in the semimetal-like
Fermi surface, which is extremely sensitive to the existing
spin order. Resistivity measurements in fields up to 100
kOe showed only very minor changes compared to the
zero-field measurement, which is explained by the fact
that the magnetization also does not change substantially.

HALL RESISTIVITY OF USb

The Hall-resistivity measurements (Fig. 8) show an in-
teresting temperature dependence. With the temperature
decreasing from 300 K, we observe first an increase of the
positive Hall resistivity down to =~210 K, and then the
Hall resistivity decreases and becomes negative below
~110 K. Because the Hall resistivity pz was found to in-
crease linearly with magnetic field over the entire avail-
able field range, a breakdown into an ordinary and an ex-
traordinary part is not possible in the ordered phase. If
we compare the results at lowest temperature for USb
with that for Uy ¢Thy ;Sb,?® in which the spins can be
aligned with our fields, one finds Ry (USb)/
Ry(Ug ¢Thy ;Sb)~5. In a one-band model the ordinary
Hall coefficient R gives 0.1 e/f.u. for Uy ¢Thg ;Sb, which
can be interpreted as resulting from the 0.1 tetravalent Th
ions per cation. Considering this proportionality and the
fact that the application of the field in this hard antifer-
romagnet will induce practically no magnetization at 4 K,
we set, as a first approximation, Ry(USb)=R,(USb),
giving 0.02 e/f.u. for USb. This low value gains support
from the specific-heat data. For LaSb, y(0) amounts to
0.8 mJ/K?mol and the free-electron concentration is 0.12
e/fau. (Ref. 29). Assuming the same effective mass for
USb, we compute, for the d conduction electrons in the
latter material, ¥(0)=0.4 mJ/K?mol. This is not too far
from the value of (0.2+0.1) mJ/K?mol found by Rudi-
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FIG. 8. Temperature dependence of the total Hall coefficient
of USb. Up to 100 kOe, only minor changes occur close to Ty.

gier et al.,'? and it indicates that, at least for very low
temperatures, the 5f electrons do not contribute to the y
term.

DISCUSSION OF THE RESISTIVITY

The temperature dependence of the resistivity of mag-
netic systems has received wide theoretical attention, and
many different power and exponential laws have been
predicted.®® For electron scattering on spin waves pos-
sessing a quadratic dispersion and an energy gap A, it has
been found that 3132
kT ™
Adding a linear phonon contribution and a residual resis-
tivity term, we can fit the resistivity curves of all uranium
monochalcogenides over a remarkably large temperature
range. In US, A=0, which we relate®® to the absence of
sharp magnon branches in inelastic-neutron-scattering ex-
periments.'® For USe, no inelastic neutron experiments
have been published so far, but for UTe a sharp magnon
branch rising quadratically from its ¢ =0 value of 165 K
has been reported. The rather poor agreement with our
best-fit value of 95 K should not be overinterpreted due to
the variation of A with the assumed ¢ph- In addition, the
postulated temperature interval for the fit is large, and
therefore the higher-temperature spin fluctuations will
tend to suppress the gap in the magnon dispersion curve
which has been determined at 4 K.

For a linear magnon dispersion, as is predicted in anti-
ferromagnets, and as, in fact, has been observed in USb,’
electron-magnon scattering is expected to contribute a
term

2
Pmagnon=Cm T"e

Pmagnon < T4 . (8)

Our resistivity measurements show such a proportionality
up to 45 K, but as in the ferromagnetic case [Eq. (7)], a
factor ¢ "*"*3” should be included in Eq. (8) if the mag-
non dispersion exhibits an energy gap. Because in the vi-
cinity of ¢ =0 the magnon energy of an antiferromagnet
possessing a gap is proportional to g? rather than g, one
may also expect a contribution in the form of Eq. (7).
The total magnetic resistivity can be expressed as3*3°
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370 m*I;S(S+1)
Pm 2 e zﬁe FN

where Iy, is the f-d exchange integral, N is the number of
formula units per unit volume, and S is the spin of the 5/
state. de Gennes® has replaced the term -S(S +1) by
(g —1)2J(J +1) to include possible orbital contributions
to the magnetic moment. Later, Cogblin and Schrieffer,’’
stating that the exchange Hamiltonian H = —2T\(g
—-1%-7 leading to the above term in p,, would not give
rise to a Kondo effect in compounds and dilute alloys
containing Ce**, derived the factor 4J(J +1)/(2J 4+1)2.
Because the same argument of a negative g — 1 as for the
4f1(?F; ,,) ground state of Ce** also holds for the £ con-
figuration of U3*, which in Russel-Saunder coupling has

:% and g = %, all three expressions are used to evalu-
ate Iz, from the resistivity measurements. Experimental-
ly, p,» has been determined for US and USe by extrapolat-
ing the high-temperature resistivity linearly to 7' =0 and
subtracting the residual resistivity. For UTe, UP, UAs,
and USb, the determination of p,, is less straightforward
due to the negative dp(T)/dT over the entire paramagnet-
ic temperature range of our measurements. As an order
of magnitude we have included in Table I for the latter
materials, values which are obtained by subtracting, from
the maximum resistivity, the residual resistivity and an es-
timated phonon contribution. The amazing result is that
the so-determined p,, of the three uranium monochal-
cogenides can be accounted for by the same exchange pa-
rameter Iy;. Setting ex=1 eV and m*=m, the exchange
integral Iy takes the values 0.19, 0.27, and 0.37 eV for
the Kondo, de Gennes, and Coqgblin expressions, respec-
tively. The first value agrees perfectly with the 0.2 eV
which we derived previously for the Kondo system
Uy, 14Thg g¢Sb using the same Kondo expression and the
same parameters m* and eF.23 However, recent
magneto-optical measurements on UAs,Se;_, (Ref. 38)
and USbg ¢Tey; (Ref. 39) have given evidence for an f
moment which is dominated by an orbital part, and we
favor an interpretation using the total angular momen-
tum. In Ref. 39 the largest exchange-induced red shift of
the f—d transition in any uranium compound is reported
to be (0.23+0.03) eV. This red shift AE is related to the
Jf-d exchange by 2AE =217,% S, giving, for Iz, a value
of 0.3 eV, in reasonable agreement with our estimates
from p,,.

For the uranium monopnictides, p,, is substantially
larger than for the corresponding uranium chalcogenides
and increases strongly with the anion mass (Table I). Be-
cause the free-electron concentration is certainly smaller
in the pnictides than in the chalcogenides, this trend sug-
gests an interpretation for the pnictides in which €5 is the
free parameter, while Iy, is taken to be constant within
the pnictide series and the same values as for the chal-
cogenides are assumed. With this choice, €y decreases
from 1 eV in the chalcogenides to 0.75 eV in UP, 0.6 eV
in UAs, and 0.2 eV in USb. If we scale the latter value
with the Fermi energy of 1 eV and one conduction elec-
tron per molecule for UTe using the expression 7 o« €y>
for parabolic bands, we derive n(USb)=0.09 e/f.u. This
is certainly an upper limit considering that estimates for

) 9)

J. SCHOENES, B. FRICK, AND O. VOGT V 30

m* are closer to 2m than to m.

As indicated by the fit in Fig. 1, the decrease of the
resistivity of UTe for T >> T is logarithmic, as is typical
for Kondo systems.>> To ascertain this temperature
behavior we have undertaken efforts to extend the resis-
tivity measurements to higher temperatures. A first mea-
surement up to 750 K on UTe shows a continuation of the
logarithmic temperature dependence of the resistivity up
to 750 K. Thus UTe exhibits the typical resistivity
features of dense Kondo systems such as CeBg,*° CeAl,
and CeAls,*!' and intermetallic intermediate-valence ma-
terials such as CePds;.*? This relationship is further sus-
tained by the very recent observation of a negative elastic
shear constant c¢;; (Refs. 10 and 43) as has also been
found in CeBg (Ref. 40) and TmSe (Ref. 44). The remark-
able difference from the cerium compounds is the fer-
romagnetic order of UTe. Theories for the electric resis-
tivity of Kondo lattices have mostly concentrated on the
explanation of a possible antiferromagnetic ordering, and
the possibility of ferromagnetic order is sometimes only
briefly mentioned. In a model in which the Kondo in-
teraction is transformed into a fictitious ‘s-f”’ hybridiza-
tion and the transport properties are calculated after the
introduction of thermal fluctuations of the hybridization,
the type of magnetic order is found to depend on the
number of conduction electrons per formula unit, n.%
Ferromagnetic order is predicted for small n, while for n
close to 1, antiferromagnetic order is obtained. The tem-
perature of the resistivity maximum is related to the Kon-
do temperature by Tpay « (1—n)13Tk.

A quite convincing comparison with theory can be
made for our resistivity data on USb. In a theory of the
Anderson lattice, Cogblin et al.* calculate the electric
resistivity as a function of the ratio of the temperature
and the half-width of the conduction band W for the total
number of electrons (f +d) N ranging from 1 to 1.05.
With a set of parameters for the Coulomb correlation en-
ergy, the hybridization width and the f binding energy in-
tended to describe intermediate-valence TmSe, these au-
thors find, for N > 1, an antiferromagnetic and semime-
tallic ground state and a temperature dependence of p
which is in qualitative agreement with our results for
USb. Comparing the parameters used with those observed
in USb, we find the correct order of magnitude for (i)
Ty /Tax =2, (i) kpTpax/W ~0.008, giving, for the hy-
bridizing d-band half-width, W =1.3 eV, and (iii)
U =0.5W. Thus USb appears to be a good example for
the description of a dense intermediate-valence system
within the Anderson-lattice Hamiltonian.*® In USb the
total number of f and d electrons (taking, for the f> con-
figuration, ny=1 and, for the f 2 configuration, n r=0) is
very close to 1, and the hybridization of the narrow f-like
band with d and p states produces a pseudogap. In the
antiferromagnetic phase the Fermi level lies within this
pseudogap, leading to the observed strong increase of the
resistivity below Ty and to the low y(0) value.

UTe, on the other hand, orders ferromagnetically, so
that a possible gap can only be located at € for one spin
direction, excluding semiconducting or semimetallic
behavior. From the available data we then prefer to clas-
sify UTe as a dense Kondo system. Experiments on mag-
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netically dilute materials are in preparation to investigate
the dependence of the magnetic ordering and the Kondo
temperature on the exchange and the bandwidth.
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