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Abstract. Bulk studies of UPt show clearly that this material orders magnetically below 28 K.
In contrast to numerous previous studies we found that the low-temperature properties can
be explained only by the presence of an energy gap (22–35 K) in the dispersion relation of
magnons which leads to typical exponential temperature dependencies of magnetic, thermal and
electrical transport properties. Another magnetic phase transition around 19 K, found by means
of magnetization measurements on an as-cast sample, is most likely due to the presence of a
minority phase.

1. Introduction

Although the itinerant ferromagnetic system UPt has been a subject of intensive studies for
three decades [1–5], a big portion of uncertainty about the size of the U magnetic moments,
the type of magnetic anisotropy and other physical properties still persists. This compound
has attracted considerable attention due to strong pressure dependence of the magnetization
whereas the magnetic phase transition temperature of about 27 K was reported to remain
unchanged [2, 4, 5]. Several studies have revealed that the saturation magnetization at
ambient pressure is strongly sample dependent, scattering significantly around 0.45 µB/U
[2, 4] although neutron-diffraction work of Fringset al [5] has revealed a much higher
moment of 1.1± 0.4 µB/U.

The main obstacle in attempts to determine the physical properties of UPt more precisely
is serious metallurgical problems because this system is formed by a solid-state reaction
between U and UPt2 [6]. UPt was first reported to adopt the orthorhombic CrB type of
structure [1–4, 7, 8]. Later on, Dommannet al [9, 10] suggested that UPt forms, like UIr,
in the monoclinic PdBi type of structure. Neutron-diffraction studies of Fringset al [5]
showed that at room temperature two sets of Bragg peaks are present. One of them is
consistent with the PdBi type of structure and the second one can be interpreted in terms
of superstructure lines of the CrB type. Finally, recently it has been published that high-
resolution neutron-diffraction experiments are not fully in agreement with both the PdBi and
the CrB structure [11]. The fact that in most of the cases the samples prepared by melting
of constituent elements consist of two structural phases depending on the heat treatment
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and pressure history is the reason for rather controversial reports on the magnetic properties
of this appealing material. Due to the presence of two structural phases, two magnetic
phase-transition temperatures to ferromagnetic order at 19 K and 27 K were reported [2, 4].
It has been suggested by Dommannet al [9] and later shown by Franseet al [6] by
means of neutron diffraction that the ‘27 K’ magnetic phase transition is connected with
ferromagnetic ordering in PdBi-type ordered UPt. The ‘19 K’ transition was shown to be
most probably connected with ordering in some other related structure (probably FeB type).
It was suggested that this other structure transforms under pressure to PdBi type, resulting in
a decrease of the magnetic moment which is consistent with bulk measurements [5]. Here,
we report on magnetic and other physical properties of UPt prepared by a novel method.

2. Sample preparation and characterization

As has been mentioned in the introduction, all samples prepared by arc-melting of
appropriate amounts of the constituting elements consist of two structural phases depending
on the heat treatment and on whether the sample has been exposed to external pressure.
The reason for this can be found in the fact that UPt forms in a peritectoid solid-state
reaction between U and UPt2. We have tried to prepare UPt by a novel method, namely
by evaporating In from a melt which contains an appreciable amount of this element. An
electrical arc in a continuously gettered Ar atmosphere and a water-cooled copper crucible
were used. After evaporation of the In, we have continued in arcing the ingot for about
five hours keeping only a small part of it liquid. No additional heat treatment was given to
the obtained ingot.

The quality of the resulting material has been inspected by electron microprobe analysis
(EPMA). The material was found to consist of two phases. The matrix (97.4 vol.%) was
found to be homogeneous with composition deviating from the ideal stoichiometry of UPt by
no more than 1 at.% (the resolution limit of EPMA). The second phase (2.6 vol.%) is found
to be U-rich, most probably UO2, metallic U or U with 4 at.% of Pt (UPt forms, if prepared
by an ordinary way, by a solid-state reaction from U(Pt) and UPt2). Due to distribution
of the second phase within the matrix we were unable to determine unambiguously its
composition. We note that no traces of In were found.

The structural parameters have been determined by x-ray diffraction. For this purpose,
UPt was ground under inert atmosphere and investigated by Cu Kα radiation (10◦ < 2θ 6
100◦). The diffraction pattern was analysed by means of Rietveld refinement with the
program Fullprof [12]. Our refinement indicates that UPt crystallizes in the monoclinic
structure with the space groupP21 (No 4, Z = 8). The structural parameters which agree
well with literature values [5, 10] are given in table 1. No other reflections were observed in
the diffracted pattern which prevented us from identifying the secondary phase mentioned
above. On the other hand, it suggests that its content is small, in agreement with the EPMA
result. We note that the refinement does not indicate any deviation from the ideal 1:1
stoichiometry.

3. Results

3.1. Magnetic susceptibility and magnetization

The temperature dependence of the magnetic susceptibilityM/H was measured between
2 K and 320 K in fields up to 5 T by means of a Quantum Design SQUID magnetometer.
In order to eliminate effects arising from magnetic anisotropy, a fine powdered sample with
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Table 1. Refined structural parameters for UPt at room temperature.

Space group:P21 T = 293 K

Atom Site x y z

U(1) 2(a) 0.118(4) 0(0) 0.113(6)
U(2) 2(a) 0.609(5) 0.007(5) 0.624(7)
U(3) 2(a) 0.771(4) 0.728(4) 0.361(4)
U(4) 2(a) 0.369(5) 0.731(3) 0.878(5)
Pt(1) 2(a) 0.136(6) 0.271(4) 0.127(7)
Pt(2) 2(a) 0.559(4) 0.268(4) 0.594(5)
Pt(3) 2(a) 0.893(5) 0.444(4) 0.394(7)
Pt(4) 2(a) 0.369(5) 0.456(4) 0.881(7)

Lattice parameters R factors

a = 570.66± 0.14 pm α = 90◦ Rp = 3.28%
b = 1079.81± 0.23 pm β = 100.15◦ ± 0.01◦ Rwp = 4.61%
c = 576.72± 0.13 pm γ = 90◦ χ2 = 3.48

Figure 1. The temperature dependence of the inverse magnetic susceptibility (χ = M/H )
measured on a fixed-powder sample at 0.1 T. The solid and dashed lines represent best fits to a
Curie–Weiss (CW) law and a modified Curie–Weiss (MCW) law, respectively. In the inset, the
temperature dependence of the magnetization measured at 0.1 T together with its temperature
derivative are shown. Clearly, two maxima are observed.

grains fixed in random orientation by diamagnetic glue was used in these measurements.
The contributions of the sample holder and glue to the susceptibility have been subtracted.

In figure 1, the temperature dependence of(M/H)−1 of the fixed-powder sample
measured at 0.1 T is shown. The solid line represents a Curie–Weiss (CW) law between
200 and 320 K which yields an effective momentµeff = 3.18 ± 0.02 µB/U and a
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paramagnetic Curie temperatureθP = −110± 3 K. We note that even at the highest
measured temperatures theχ−1–T curve exhibits significant curvature so that the effective
moment is likely to be higher. This result is in agreement with literature results of
3.55µB/U [6, 13] derived from data up to 1000 K. We also performed a modified Curie–
Weiss law (MCW) type of fit which includes a temperature-independent termχ0 and
yields a reasonable agreement with experimental data above 50 K. The fit parameters
are µeff = 1.97± 0.02 µB/U, a paramagnetic Curie temperatureθP = 21.0 ± 0.8 K
and χ0 = 1.72× 10−8 m3 mol−1

U . It should be emphasized that the description of the
susceptibility of polycrystalline, magnetically anisotropic, material in terms of an MCW
picture should only be considered as a parametrization of the data and not as a physical
description due to a mixing of different CW branches. However, it can serve as clear
evidence for presence of strong magnetic anisotropy in UPt and as a parametrization of this
anisotropy.

In the inset of figure 1 we show the temperature dependence of the magnetization of
UPt measured at 0.1 T. The temperature derivative of magnetization, which is also shown in
the inset, reveals maxima at 21.8 K and 27.8 K suggesting existence of two magnetic phase
transitions. Two transitions, albeit at 19 K and 27 K (or only one transition), have been
observed by several other authors [3, 4, 13, 14]. The anomaly around 22 K is present only
in data taken at low fields (smaller than 1 T). When a higher field is applied, no anomaly
is seen at this temperature region.

In figure 2, the temperature dependence of the ac susceptibility is shown, measured at
low temperatures on a bulk piece. Two transitions, estimated to be situated around 22.5
and 27.7 K, respectively, are visible. These transition temperatures agree well with the dc
magnetic susceptibility results.

Figure 2. The temperature dependence of the real (solid line) and imaginary (broken line) parts
of the ac susceptibility measured on bulk UPt.

The field dependence of magnetization was measured at various temperatures on a fixed-
powder sample by means of a Quantum Design SQUID magnetometer in fields up to 5 T and
is presented in figure 3. At low temperatures, the magnetization sharply increases, showing
a much slower, nearly linear, increase above 0.1 T. At 5 K, the spontaneous magnetization
µS , obtained by extrapolation to zero field, amounts to 0.52µB/U. This value agrees well
with literature values [2, 4, 13]. The magnetization shows a slight hysteresis and the values
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Figure 3. The field dependence of magnetization as measured on fixed-powder sample in fields
up to 5 T atvarious temperatures. Note that the hysteresis loop is extremely narrow.

of the magnetization at zero field (about 0.06µB/U) and the remanent field (about 0.01 T)
are extremely small. As the temperature increases, the saturation magnetization decreases
and the hysteresis loop gets even narrower. At 28 K, the spontaneous magnetization equals
zero indicating the proximity of the magnetic phase transition, in agreement with magnetic
susceptibility measurements.

3.2. Specific heat

The specific heat was measured by a standard semi-adiabatic method using two experimental
set-ups. The first one was used to measure the specific heat in zero field between 2 and
90 K while the second has been used for measurements between 0.4 and 40 K in zero field
and in magnetic fields up to 15 T. The zero-field results agree well in the region of overlap.
It should be noted that at low temperatures in the former equipment the signal due to the
sample was about ten times larger than the signal due to the addenda. However, at 30 K
the signal of the sample amounts to only 10% of the total measured heat capacity which
accounts for appreciable scatter of data at higher temperatures (and in magnetic fields)
obtained in this equipment [15, 16].

In figure 4, the low-temperature part of the temperature dependence ofCP/T measured
in fields up to 15 T is shown.CP/T cannot be satisfactorily described by aγ + aT 2

dependence, which contains only the electronic partγ and the phonon contribution and
neglects the contribution due to magnetic order. For a good description a term which
involves magnetic excitations with a gap in the dispersion relation has to be introduced. Such
a term has been used in the literature to describe the contribution of magnetic excitations
with an energy gap to the low-temperature specific heat properties of rare-earth elements
[17, 18]. The best fits ofCP/T againstT between 0.4 K and 9 K at various fields to
γ +aT 2+f T 1/2 exp(−1/T ), where1 denotes a gap in the (otherwise isotropic) dispersion
relation of ferromagnetic magnons, are represented in figure 4 by solid lines. It is quite
clear that experimental data and fits agree rather well. The low-temperature specific-heat
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Figure 4. The low-temperature part of the temperature dependence ofCP /T of bulk UPt
measured in fields up to 15 T. Solid lines through symbols are the best fit to the expression
given in the text involving a gap in the dispersion relation of ferromagnetic magnons. In the
inset we show the field dependence of the Sommerfeld coefficientγ (points) together with the
best fit as described in the text.

coefficientγ found for zero field is either comparable with values published in literature
[3, 4, 13], slightly smaller than a published value (by 10 mJ mol−1 K−2) [6] or higher
(by 25 mJ mol K−2) [14]. From the numerical results given in table 2, it follows that
while the numerical factorsa and f and the value of the gap1 (∼22 K) are practically
unaffected by applied magnetic field, the low-temperature specific-heat coefficient decreases
with increasing field. At 15 T, the decrease amounts to 12.5% of the zero-field value. Such
a decrease ofCP/T with increasing field, which has not been reported until the present,
suggests that at least a part of the low-temperature specific heat is of magnetic origin.
The dependence ofγ which is shown in the inset of figure 4 on magnetic fieldµH = B
can be approximated by exponential decayγ (B) = γ (∞)+ b exp(−B/1B), whereγ (∞)
represents the low-temperature specific-heat coefficient in the infinite-field limit, and1B

describes how fastγ decays with increasing fieldB. The fitted parameters areγ (∞) =
87.91±1.32 mJ mol−1 K−2, b = 17.11±1.27 mJ mol−1 K−2 and1B = 10.17±1.50 T. By
taking into account experimental errors, the value ofγ (∞) = 87.91 mJ mol−1 K−2 agrees
well with the zero-field value determined by De Podestaet al [14].

In figure 5, the temperature dependence of the specific heat is shown in theCP/T –T
representation in zero field (open points) and at 15 T (closed symbols). As can be seen,
zero-field data are dominated by a very well defined peak at 28 K suggesting magnetic phase
transition. Nothing is seen around 19 K which suggests that the amount of the ‘19 K’ phase
is small. It is remarkable that the fit, which is shown in figure 5 by a full line through the
open symbols, introduced in the preceding paragraph, describes the data quite well nearly
up to the magnetic phase transition. The fitting parameters obtained between 2 and 20 K
are given in table 2. The peak which appears at zero field at 28 K is very sensitive to
magnetic field. It is smeared out already at 5 T and the magnetic entropy is shifted to
higher temperatures in agreement with findings of other authors [14].

In order to determine the magnetic entropy we need to estimate the phonon and electronic
contributions to specific heat. Several attempts have been proposed in the literature
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Table 2. Fitted parameters of the low-temperature specific-heat of UPt at various magnetic fields
together with Debye temperature calculated according toθ3

D = 2× 12π4R/5a.

Field (T) γ (mJ mol−1
U K−2) a (10−4 J mol−1

U ) f (J mol−1
U K−5/2) 1 (K) θD (K)

0a 104.77(21) 4.66(18) 0.159(4) 22.1(2) 203
0 104.99(15) 5.07(18) 0.165(4) 23.4(4) 197
5 98.54(14) 4.60(18) 0.143(4) 21.9(2) 203

10 94.10(10) 5.08(27) b b 197
15 91.93(11) 4.85(13) 0.148(3) 22.0(2) 200

a Fit between 2 and 20 K obtained in different set-up.
b No reliable values obtained due to lack of data above 5 K; at low temperatures the exponential term does not
contribute substantially to the specific heat.

Figure 5. The temperature dependence of the specific heat in zero field in theCP /T –T
representation measured in a different experimental set-up than the results shown in figure 4 and
measured up to 90 K. The solid line through the symbols is the best fit to the expression given
in the text (the same type of fit was used to fit the data in figure 4). The broken line denotes the
sum of the Debye function which was used to approximate the phonon contribution and of the
electronic termγ as described in the main text. The temperature dependence of the magnetic
partCmag/T and the resulting magnetic entropySmag are given in the inset.

[3–6, 13, 14]. The non-magnetic isostructural compounds ThPt, NiPt or the Debye function
have been used to estimate the lattice contribution. However, it is not clear what value
should be used for the electronic contribution which may lead to substantially different values
of the magnetic entropy. It seems quite reasonable to use for the electronic contribution the
valueγ (∞) = 87.91 mJ mol−1 K−2 derived in the preceding paragraph. To account for the
phonon contribution, which is shown in figure 5 by a broken line, we have used the Debye
function with θD = 190 K which provides, together with the electronic contribution, good
agreement with the experimental data in the high-temperature limit. Debye temperatures
between 197 and 203 K have been calculated according to the formulaθ3

D = 2×12π4R/5a
for different magnetic fields (see table 2) which are close to theθD = 190 K used in the
analysis and in the literature. The temperature dependence of the magnetic entropySm,
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which is shown in the inset of figure 5, has then been calculated by integrating magnetic
part ofCP/T up to 85 K and amounts to 5.2± 0.3 J mol−1 K−1. This value which can be
expressed as 0.9R ln 2, accidentally agrees well with the value derived by Luengoet al [3]
but it is significantly higher than values derived by other authors [4–6, 13, 14]. In applied
magnetic fields, the magnetic entropy is shifted towards higher temperatures. At 15 T, 91%
of magnetic entropy is attained at 40 K, the highest temperature measured in high fields. A
similar result has been obtained by De Podestaet al [14].

3.3. Electrical resistivity

The electrical resistivity was measured on a small bar-shaped sample by the standard AC
four-point method in the 260 mK–290 K temperature range. For the measurements below
4 K, a 3He refrigerator was used. The electrical contacts were established with silver paint.

The temperature dependence of the electrical resistivity is shown in figure 6. It is very
similar to results reported earlier [4, 6, 11]. At high temperatures, the electrical resistivity
slightly increases with lowering temperature. Around 200 K, it starts to decrease and below
approximately 27 K it drops drastically due to appearance of ferromagnetic order. We do
not see any sudden change in the slope around 19 K suggesting that amount of the ‘19 K’
phase is small. Instead of that a smooth change is found. Theρ290 K/ρ260 mK ratio amounts
to 5.2. This value is slightly lower than the ratio of 6.3 found by Rodrı́guez-Ferńandezet al
[11] for ρ290 K/ρ4.2 K but higher than about 3.5 found by Franseet al [6].

Figure 6. The temperature dependence of the electrical resistivity. The low-temperature part is
shown in the inset. The full line through symbols is the best fit (between 0 and 12 K) to the
expression given in the text.

The low temperature part has been reported to behave according toρ = ρ0 + aρT 2

with aρ = 0.19 µ� cm K−2 [4] and 0.45µ� cm K−2 [19]. Our analysis clearly
indicates that the low-temperature part cannot be satisfactorily described by this type of
dependence. Instead of that, we found that it can be well fitted by the expressionρ =
ρ0+aT 2+E1T (1+2T/1) exp(−1/T ), whereE depends on the spin-disorder resistivity
and the electron–magnon coupling constant and1 denotes the gap in the dispersion relation
of magnons. This expression was derived for describing the electron–magnon interaction
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in rare-earth elements [17, 18] and we have used a similar expression, derived by Andersen
and Smith [18] for description of the specific heat. In fact, the values of1 derived from
the specific heat data and the electrical resistivity data should be equal. The best fit to
data below 12 K yieldsρ0 = 34.663± 0.003µ� cm, aρ = 0.1827± 0.0004µ� cm K−2,
E = 0.226± 0.005µ� cm K−2 and1 = 34.2± 0.4 K. The data (points) and the fit (solid
line) are shown in the inset of figure 6. It should be, however, kept in mind that our sample
is polycrystalline and a strong magnetic anisotropy reflects very often also in an anisotropy
of transport properties, which would require to modify substantially the testing function
(residual resistivity, the gap and the dispersion relation of magnons etc are isotropic).

4. Discussion

The electronic structure of actinides is characterized by a large spatial extent of the 5f
wavefunctions. Therefore, the 5f electron states in many actinides participate in chemical
bonding and strongly interact with the environment. In this respect, we distinguish direct
5f–5f interaction on one side and hybridization of the 5f states with the valence states of
neighbouring atoms (5f–ligand hybridization) in the crystal lattice on the other. Clearly,
the most important parameter concerning the two-ion (5f–5f or 5f–ligand) interaction is
the spacing between the U atom and the atom in question and on geometrical conditions
around the U atom. The significance of the former parameter has been pointed out by Hill
[20]. The effect of both mechanisms on the magnetic order is twofold. On one side it
promotes magnetic ordering because both mechanisms effectively contribute to interaction
between magnetic moments (if we look to this problem from the localized point of view).
On the other, however, it leads, in the strong hybridization limit, to destruction of the 5f
magnetic moments. The former feature leads to higher ordering temperatures in actinide
systems as compared to rare-earth isostructural compounds containing, except for U, the
same elements. As a consequence of the latter fact, the 5f states in actinides are, as a rule,
to a certain extent delocalized and the magnetic moments are smaller than expected for a
free U3+ or U4+ ion. It is evident that the hybridization contributes also to the enhancement
of magnetic anisotropy of a type depending on the crystal structure. In this respect, one can
speak about the hybridization-induced magnetic anisotropy. Moreover, highly correlated
5f-electron states are expected to form a narrow band pinned at the Fermi surface. The high
density of states atEF is projected into high values of the specific heat and into anomalous
transport properties.

Spacing between U atoms in UPt falls into the critical region for uranium compounds
(3.4–3.6Å) [20]. Therefore, we may anticipate the majority of properties mentioned in
the preceding paragraph. It is evident that UPt does exhibit anomalous magnetic, thermal
and electrical-transport properties. The high-temperature magnetic susceptibility can be
described in terms of a Curie–Weiss law with an effective moment close to 5f2 or 5f3

electron configuration, i.e. in the framework of localized moments. At lower temperatures,
however, this picture is inadequate. The saturation magnetization, magnetic entropy and
other physical properties point to the itinerant nature of ferromagnetic order in UPt. Similar
behaviour has been observed for isostructural UIr [9]. From the temperature dependence
of the specific heat a value of 0.9R ln 2 has been derived for magnetic entropy for UPt.
This value is too small for a localized system but too large for a system with magnetic
order purely of itinerant origin [21]. To elucidate this point more, we can evaluate the
Kadowaki–Woods ratioaρ/γ 2 [22], whereaρ denotes the coefficient of theT 2 term of the
electrical resistivity and the Wilson ratioRW = (χ0/γ )(π

2k2
B/3µ

2
B) [23], whereµB is a

Bohr magneton,χ0 denotes the temperature independent part of the magnetic susceptibility
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expressed in emu mol−1 andγ is expressed in erg mol−1 K−2). It is expected that the former
coefficient will be close to a universal value of 1.0× 10−5 µ� cm (mJ mol−1 K−1)−2 if
the same quasiparticles participate in both the electrical conduction and the low-temperature
specific heat properties. The latter coefficient,RW , is of the order of unity for a free electron
gas and can be enhanced due to electron–electron correlations if the enhancement ofχ0 and
γ has the same origin. From the valuesaρ/γ 2 = 1.65× 10−5 µ� cm (mJ mol−1 K−1)−2

andRW = 1.0 we can conclude that the magnetism in UPt is governed mainly by itinerant
electron states which participate in both transport and magnetic properties. The slightly
negative temperature derivative of the electrical resistivity at high temperatures points to
a strong hybridization between the 5f electron states and conduction electrons. The high
absolute value of the spin-disorder electrical resistivity can be taken as further support for
this statement. Rodrı́guez-Ferńandezet al [11] showed that in U1−xLaxPt compounds, both
the residual and the spin-disorder resistivity are strongly dependent on the content of La.
This points to the fact that the scattering of conduction electrons is critically dependent on
the actual position and shape of 5f bands in the vicinity of the Fermi level. Finally, the
presence of 5f electron states at the Fermi limit can be deduced also from the enhanced
low-temperature specific-heat coefficient which amounts in zero field to 105 mJ mol−1 K−2.

Let us consider a possible influence of secondary phases on the physical properties of
our sample. From the x-ray diffraction and electron microprobe analysis we were able
to conclude that our sample contains about 2.6 vol.% of U-rich phase. We think that
UO2, metallic U or U with 4 at.% of Pt are the most probable candidates. It is well
known that metallic U does not order magnetically [24] with a rather low value of the
low-temperature specific-heat coefficient. Alpha-U exhibits three phase transitions at 43,
37 and 22–23 K which are connected with charge-density waves (CDWs). Around 43 and
37 K we do not observe any anomalies in our data and the only coincidence is found
around 22 K. The transition inα-U around 22–23 K is associated with a lock-in of one
the incommensurate components of CDW to a commensurate value [24]. Correspondingly,
very little if any influence on the magnetic properties of our sample is expected. UO2,
on the other hand, orders antiferromagnetically at 30.8 K with U moments of 1.74µB/U
[25]. Clearly, at this temperature, no anomaly is visible in our data. Therefore, we have
to conclude that we cannot explain the anomaly seen in the temperature dependence of
the magnetic susceptibility around 22 K by the presence of impurities suggested. One can
argue, however, that the anomaly at 22 K can be identified as the anomaly seen previously
at 19 K by other authors [2–6]. This is supported by the fact that usually two transitions, at
19 K and 27 K, were seen in studies of various UPt samples. Although this conclusion is
very tempting we do not have any solid piece of evidence for this statement. The situation
is complicated by the fact that there exists probably another structural phase of UPt which
is neither monoclinic neither orthorhombic of the CrB type [11]. This phase might be
responsible for the 22 K anomaly. Clearly, more work is necessary to elucidate this point.

From previously published works it was shown that the low-temperature properties of
UPt can be described in the framework of a Fermi liquid system with an indication of spin
waves known as magnons. Our measurements of the temperature dependence of the specific
heat and the electrical resistivity, however, provides in addition to that a clear indication
that an energy gap in the dispersion relation of magnons is present. The former temperature
dependence leads to an energy gap of about 22 K while the latter one to about 35 K.
Moreover, the energy gap seems to be insensitive to the applied magnetic field as evidenced
by the specific heat measurements.

The existence of an energy gap can explain rather controversial observations of the
low-temperature properties of UPt published earlier. If we accept that it is very difficult
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to prepare UPt as single phased system, then it is not at all surprising that the size of the
gap will be strongly sample dependent. In some cases, the gap1 can be nearly negligible,
so that the low-temperature properties can be described well by ordinary ferromagnetic
magnons. In some samples, however, it can be rather high, and the physical properties
exhibit characteristic exponential temperature dependencies.

A sample-dependent saturation magnetization scattering significantly around 0.45µB/U
can be found in the literature [2, 4]. Fringset al [5], however, published a much higher
moment of 1.1± 0.4 µB/U on the basis of neutron diffraction. At the same time they
argued that UPt exhibits a uniaxial type of magnetic anisotropy which would explain the
discrepancy between moment determined in different ways and the temperature dependence
of the magnetic susceptibility. In the view of our studies, we came to the same conclusions.
Measurements of magnetic susceptibility made on polycrystalline samples then would lead
inevitably to curvature inχ−1 againstT which is also encountered experimentally and the
strongly sample-dependentµS values published in the literature are likely to be due to
texture in bulk material.

5. Conclusions

By means of x-ray diffraction at room temperature we confirmed that UPt forms in
monoclinic structure with space groupP21 (No 4,Z = 8), as UIr does. Bulk measurements
point to ferromagnetic order belowTC = 28 K. The additional magnetic phase transition
observed in an as-cast sample is most probably due to a minority phase with different
crystal structure. From the temperature dependencies of bulk properties a strong influence
of ferromagnetic magnons with a gap (∼22–35 K) in their dispersion relation can be
concluded. The low-temperature specific-heat coefficientγ decreases exponentially with
increasing field. Theχ−1–T curve measured on a polycrystalline sample exhibits a strong
curvature which can be explained by a strong magnetic anisotropy of this material. At high
temperatures it leads to an effective moment close to values expected for a free U3+ or U4+

ion. Saturation magnetizationµS = 0.52 µB/U agrees well with literature values. UPt can
be classified as an itinerant ferromagnetic material.
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