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Abstract

We present and summarize the first characterization of the physical properties of U, _,Np,Pd,Al, and U, _,Pu, Pd,Al, solid solutions
(with 0.005=x=0.9) obtained by resistivity measurements (between 1.4 and 300 K). For very low Np doping (x=0.005) a
superconducting transition is still observed at 1.5 K, whereas for x=0.01 this transition is absent or shifted below our temperature range.

The doping effects on the magnetic and Kondo lattice behaviors of UPd,Al, are discussed.
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1. Introduction

Heavy-fermion superconductor (HFS) materiadls have
attracted much attention due to their unconventional
superconducting and magnetic properties. Most of these
materials are Ce- or U-based intermetallic compounds. It is
now well-established that the f electrons play a central role
in these unusua properties. This has, therefore, stimulated
the study of the related transuranium compounds [1].

Since UPd,Al,; was reported as the highest T, HFS [2],
recent works have been devoted to its homologue Np and
Pu compounds [3-5].

On the other hand, in a new attempt to shed light on the
ground state and intersite correlations of the f electron in
UPd,Al,, a number of investigations have been made on
the effects of aloying substitution on the Pd, Al or U sites
[6-9]. These last studies were mainly carried out with Y,
Pr, Gd or Th substitutions.

It seemed interesting to study the Upd,Al,—NpPd,Al,
solid solution system where a complete range of solubility
is observed. Previous studies of this system by Np-
M 6sshbauer spectroscopy and resistivity measurements have
already been reported [4,10,11]. We have extended these
studies by considering very low dilution on the uranium
site by Np (<1% Np) and started to investigate a
homologue series by diluting with the non-magnetic Pu
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compound. Resistivity measurements of both series
U, ,An Pd,Al, (with An=Np or Pu) are presented and
compared.

2. Experimental details

The solid solutions were prepared by arc melting
stoichiometric amounts of the pure compounds previously
obtained. They were then characterized by X-ray diffrac-
tion, metallography and microprobe analysis as presented
in another contribution to this conference [12]. No further
thermal treatment was found to be necessary.

Resistivity measurements on encapsulated bulk samples
were performed down to 1.4 K with a conventional four-
probe a.c. method. Because of the dimensional uncertain-
ties, the probable presence of microcracks and the prefer-
ential orientation of the crystallites in the bulk samples, the
absolute resistivity values have not been considered here.

3. Results and discussion

A PrNi,Al,-type structure was observed in the whole
range of concentration with the lattice parameters listed in
Table 1.

The Fig. 1 Fig. 2 Fig. 3 Fig. 4 show the resistivity ratio
Plpsg  CUrves on a logarithmic scale of temperature,
obtained for each system on polycrystalline samples.
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Table 1

Lattice parameters of U,_,An,Pd,Al, compounds and characteristic

temperatures of the anomalies observed in their resistivity

Compound a (pm) ¢ (pm) T.(K) Ty (K) Tpna (K)
UPd,Al, 536.5(1) 418.9(1) 1.9 142 85
Upe0sNPooosPdL,Al,  536.6(1) 418.7(1) 15 140 85
UpeoNPoo Pd,Al,  536.9(1) 419.1(1) — 135 85
UpooPUo o PL,AL,  537.1(1) 419.2(1) — 140 85
UyorNPoosPdL,AlL,  537.2(1) 419.2(1) — 130 75
UpeaNPoosPd,Al,  537.1(1) 419.1(1) — 14 80
U, oNp, . Pd,Al 536.9(1) 419.1(1) — 105 55
U, oPU, ,Pd, Al 537.1(1) 419.3(1) — 100 50
U,-Np, sPd,Al, 537.5(1) 419.2(1) — 45 7
U, -PU, sPd, Al 537.9(1) 4195(1) — — —
U, sNp, sPd,Al 538.0(1) 419.3(1) — 5.5 40
U, sPUo sPd, Al 538.4(1) 419.7(1) — — —
U,.Np, sPd,Al 538.7(1) 419.6(1) — 37/22 135
U, ,PU, sPd, AL 539.8(1) 420.0(1) — — —
NpPd,Al, 539.2(1) 4195(1) — 38/24 145
PUPd,Al, 540.3(1) 420.2(1) — — —

Characteristic temperatures are listed in Table 1. In the
following sections, we divide the discussion of these
curves according to the An (Np or Pu) content.

3.1. Very low range of An content, 0=x=0.03

Shown in Fig. 1 are the resistivities versus the tempera-
ture for U,_, An Pd,Al; (with An=Np or Pu and x=0.03).
The resistivity curve obtained for our pure Upd,Al,
compound is in very good agreement with previous
reported data [1,13]. The overall behavior of the doped
samples is very similar to the pure one. As the temperature
is lowered, we observe a Kondo-like increase, followed by
a broad maximum, characteristics for Kondo lattices, and a
rapid decrease. In the temperature range from 300 to 150
K, the experimental data are well fitted with a

p=a—b-InT (1)
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Fig. 1. Normalized resistivity p/p.q, « VS. a logarithmic scale of T, of U,_,An,Pd,Al, compounds. Curves are displaced for clarity. Arrows point out
characteristic temperatures, as indicated in Table 1, and dashed lines show results of calculation as described in the text.
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Fig. 2. Normalized resistivity p/p,q, « VS. a logarithmic scale of T, of U,_ An,Pd,Al, compounds. Curves are displaced for clarity. Arrows point out
characteristic temperatures, as indicated in Table 1, and dashed lines show results of calculation as described in the text.

type law and, up to 1% doping, no significant difference in
the fit parameters is observed. A typical value of b/a of
about 0.10 is obtained (see Table 2). For 3% Np a
pronounced increase of the slope (b/a is about 0.13) may
suggest that the Kondo temperature decreases with increas-
ing x, and is corroborated by the decrease of the tempera
ture of the resistivity maximum (see arrows on Fig. 1 and
Table 1).

Below 30 K, there is an abrupt and large decrease in
p(T) around 14 K due to the onset of a long-range
antiferromagnetic ordering. The ordering temperature T, is
only dlightly decreased by An doping, as presented in
Table 1. Below Ty, an excellent fit (dashed line in Fig. 1)
to the experimental data can be achieved using the sum of
an expression appropriate for an antiferromagnet with an
energy gap and a T2 term [14], reflecting Fermi-liquid
behavior,

p =p,+ CT[1+ 2T/Alexp(—A/T) + AT? (2)

with the parameters, normalized to the respective p,q,

value, as listed in Table 2 (an estimation of the absolute
value of these parameters may be obtained by considering
atypical value for p,y, « Of 200 p(2-cm).

At low temperature, a superconducting transition is still
observed for 0.5% doping Np but aready shifted to 1.5 K.
For other systems no transition was observed down to 1.4
K. In U, 4,Np, osPd,Al, the resistivity shows an increas-
ing behavior with decreasing temperature below 7 K.
Similar effects were aready observed in other doped
systems [15,16] and related to scattering due to aloying
disorder, as reminiscent of the Kondo resistance minimum
that occurs in metals containing small amounts of magnetic
impurities.

3.2 Low range of An content, 0.05=x=0.1

The resistivity curves obtained for a relatively low
content of the dopants, Np (xy,,) and Pu (Xp,), are shown in
Fig. 2. At high temperatures the general features already
observed in the previously discussed systems are still valid
(see Table 2). However, a marked decrease of the position
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Fig. 3. Normalized resistivity p/p,q, « VS. a logarithmic scale of T, of U,_ ,An,Pd,Al, compounds. Curves are displaced for clarity. Arrows point out
characteristic temperatures, as indicated in Table 1, and dashed lines show results of calculation as described in the text.

Tpna Of the maximum in resistivity arises. Even, for
U, 4Py, ,Pd,Al, this maximum is sharper. It has been
proposed that this type of maximum in p(T) arises from
the combined effect of CEF and Kondo interactions [6].
We may conclude that the effects of alloying on the
distribution of crystal-field levels become sensitive for
x=0.1 and is maximum with Pu dopant.

At lower temperature, an abrupt decrease of the resistiv-
ity occurs below the ordering temperature, marked by a
rupture in the slope (Fig. 2). Below 10 K, we could not
achieve a reliable fit of the experimental data with an Eq.
(2) type law. However, an excellent fit (dashed line) of the
experimental data could be obtained using a non-gapped
dispersion relation of the type:

p=py+AT? 3

with the parameters listed in Table 2, reflecting spin
fluctuation phenomena. We must underline the high value
of the A parameter for 10% Pu-doped sample, suggesting
an enhanced heavy-fermion type behavior.

3.3. Middle range of An content, 0.3=x=0.5

For the middle range of Np- or Pu-content (30-50%),
the resistivity curves obtained are completely different
(Fig. 3). In the higher range of temperature, an increase of
p Wwith decreasing temperature is nevertheless a common
feature.

The curves obtained for the Pu-doped samples are
similar to these observed for their homologues Th-doped
compounds [9]. At low temperature, below 50 K for
Xp, = 0.3 and below 40 K for x,,=0.5, the variation of the
resistivity isvery closeto linear in T. A similar behavior in
Th-doped compounds was understood as the signature of
non-Fermi-liquid properties [16,17].

U, ,Np, ;Pd,Al; and U, Np, ;Pd,Al; show a rounded
maximum around 7 and 40 K, respectively, and look like
curves of dilute Kondo impurity. Around 4.5 and 5.5 K,
anomalies suggest the onset of a magnetic ordering as
previously observed by Mossbauer spectroscopy [10,11].
Below the ordering temperature, U, .Np, ;Pd, Al displays
a decrease of p, with decreasing T, which can be well
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Fig. 4. Normalized resistivity p/p,q, « VS. a logarithmic scale of T, of U,_ ,An,Pd,Al, compounds. Curves are displaced for clarity. Arrows point out
characteristic temperatures, as indicated in Table 1, and dashed lines show results of calculation as described in the text.

Table 2
Normalized values of the parameters used in the fit of the experimental
data as indicated in the text

Compound b/a PolPsook  ClPsor  Alpsook  Alpsoo «
UPd,Al, 0.101 0.061 0.060 274 0.0020
Ug.00sNPg 00sPd,Al; 0100 0.062 0.082 27 0.0015
U, 0oNPo 01 PdLAL 0.104 0.132 0.058 25 0.0018
U 00PUg 0. PA,AL 0.101 0.116 0.064 265 0.0019
U,.67NPg.0sPdLAl 0.125 0.203 0.058 14 0.0012
U, 6oNP, 0sPdLAL 0.075 0.619 —_ —_ 0.0025
U, oNp, PdAlL 0.106 0.719 — — 0.0034
U,oPu,,Pd,Al, 0.139 0.522 — — 0.0072
U, ,Np, sPd,Al, 0.106 1.269 —_ —_ 0.0039
U, ,Pu, ;Pd,Al, — 1.320 — — —
U,sNp, sPd,AlL 0.093 1.247 — — —
Uo.spuo.spdzAls - 1784 - - -
U,,Np, sPd,Al, 0.070 0.759 — — —

U, .PUo sPd Al - 0.942 - - -
NpPd,Al, 0.060 0.415 —_ —_ —_
PuPd,Al, — 0.908 — — —

described according to a simple quadratic law (Eq. (3)),
whereas U, ;Np, ;Pd,Al; shows an almost linear increase.
This increase may be first related to the partial frustration
of the Np- and the U-moment due to the Np moment
rotation out of the c-axis, as evidenced by Madssbhauer
spectroscopy [11].

34. High range of Np content, 0.9=x=1

NpPd,Al, orders initially at about 40 K (T,,) in an
incommensurate antiferromagnetic structure. Below 25 K
(Tcy) the intensity of this phase is reduced in favor of the
occurrence of a new commensurate antiferromagnetic
magnetic ordering, which becomes the dominant phase [5].
The resistivity curves obtained for U, ,Np, ¢sPd,Al, and
NpPd,Al, are shown in Fig. 4. In the paramagnetic range,
p exhibits a logarithmic T variation typical of a Kondo
type behavior. The ordering temperature (T ) is assigned
at 38 K, where a first anomaly in the curve is seen. Around
24 K (T.y) a second anomaly is observed and related to
occurrence of the second phase. By doping with 20% U
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Fig. 5. Variation of some characteristic parameters as a function of the
concentration of the An doping element.

(Xnp = 0.8), the general behavior of the compound remains
amost unchanged. A dlight decrease of the ordering
temperatures (T, and T.,) is nevertheless observed. At
low temperature, the decrease of the resistivity with
decreasing T is less pronounced, which may be due to
disorder scattering. However, a third anomay of an
unknown origin is seen around 3 K. More experiments on
this sample are necessary to clarify this last anomaly.

PuPd,Al, is a non-magnetic system [4]. Its resistivity
reveals a small decrease toward decreasing T, and below
150 K shows almost a linear variation. By doping with
20% U (xp,=0.8), the high-temperature behavior is un-
changed. However, below 50 K its resistivity levels off to
almost a constant value. Very few data are known for Pu
ternary intermetallics and doped systems and, therefore,
restrict the discussion on these systems.

To summarize and to get a better overview of the
different observations reported in this paper we show in
Fig. 5 the variation of some characteristics parameters as a
function of the concentration of the An doping element. We
see that for low content (<30%) of doping with Np or Pu,
these elements have nearly the same effects. At higher
concentration Pu-doped samples do not order magneticaly,
whereas Np-doped samples display complicated featuresin
the 0.3=x=0.5, and the properties of NpPd,Al, seem to
be almost unaffected by U-doping.

4, Conclusions

UPd,Al,—NpPd,Al ; and UPd,Al,—PuPd,Al, are inter-
esting systems where solid solutions are formed in the

whole range of concentration. Moreover, substitution by
Np or Pu adds a new dimension to doping effects as they
contribute to an increase of the total number of 5f
electrons. We have presented and summarized here the first
characterization of their physical properties by resistivity
measurements.

Very low Np content (=0.5%) decreases the tempera
ture of the superconducting transition to 1.5 K. This
suggests that a superconducting transition may be till
observed below 1.4 K in Np- and Pu-doped samples at
least for a content <1%. Further experiments of resistivity
measurements at the mK range are necessary to investigate
the influence of 5f element doping on the superconducting
temperature. It is also interesting to note that, for An
contents around 10%, the low temperature behavior seems
to indicate a vanishing of the energy gap 4 observed in
pure UPd,Al, in favor of a spin fluctuation behavior with
somehow enhanced heavy-fermion type properties. At
higher contents in Np, our results corroborate the appear-
ance of a complex magnetic competition between U and
Np ions, whereas Pu cancels long-range magnetic correla
tions. The similar dependencies of Ty and T, Wwith
regard to the content of doping Np or Pu, suggest that
Kondo lattice effects and magnetic order are suppressed by
the same mechanisms. Complementary studies of these
systems, especially by neutron diffraction, are in progress.
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