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The paper presents the results of electrical resistivity measurements carried out-on
single crystal samples of antiferromagnetic UAs, and USb, in the temperature range 4.2—
-300°K in an electric field perpendicular to the c-axis, ‘as well as on powder samples in the
temperature range 77-500°K. It was found that these compounds exhibit a high anisotropy
.of the electrical resistivity. The temperature derivative do/dT of the transversal resistivity
has a sharp peak 4t about Ty. Below 60°K the spin disorder resistivity of UAs, is governed
by spin wave scattering with a spin-wave activation energy of about 51°K, and above 70°K.
up to Ty it is proportional to -T2. For USb, this resistivity is proportional to ‘T°/2.

1. Introduction

UX, compounds where X = (P, As, Sb, Bi) show antiferromagnetic ordering of
the magnetic moments of uranium atoms [1, 2, 3]. As has been shown recently [4], UP,
exhibits strong anisotropic transport properties with predominant spin disorder scattering.
In this paper the investigation of the electrical properties has been extended to UAs,
and USb,.

_Hitherto, the electrical resistivity has been measured on compact samples-of USb,
in the paramagnetic state (20~600°C) only [5]. Compact samples of USb, were obtained .
by hot-pressing of the powders. The electrical properties of UAs, were unknown.

The dependence of the inverse magnetic susceptibility against temperature shows
that for UAs, the Néel point is at 283°K, and for USb, at 206°K. The effective magnetic
moments of UAs, and USb, are 2.94 and 3.04 BM, respectively [2]. ]

According to neutron diffraction measurements [6, 7], the magnetic cell of these
compounds compared to the chemical one (tetragonal structure of the PbFCI type) is
doubled along the c-axis, and the lattice displays ferromagnetic layers of uranium atoms
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which are perpendicular to the c-axis and coupled between each other in the sequence
- — — +. The magnetic moments of the uranium atoms of UAs, and USb, are 1.61+0.01
and 1.8840.03 BM, respectively, their direction being parallel to the c-axis.

2. Experimental

The electric measurements’ were performed using monocrystall-irie' samples obtained
by the chemical transport method [8], as well as compressed powder samples prepared
according to the method described earlier [4]. The dimensions of the powder samples-
were 15 x 5 x 2 mm?, their density being 82% and 909 of the theoretical one, respectively
for UAs, and USb,. The X-ray analysis of the samples has revealed the existence of the
UAs, or the USb, phase only.

The measurements of the temperature dependence of the resistivity (o) were performed
by the conventional four probe dc method. The electric contacts with the samples were
made by silver dots pressed by, springs or by using the Hg-In-T1 alloy. The resistivity
was calculated for 100% density according to [9].

3. Results and discussion

The results of the resistivity measurements of UAs, and USb, in the direction per-
pendicular to the c-axis (o RS transversal component) are presented in Fig. 1, in the
temperature range from 4.2°K to room temperature. The electrical resistivity for this
direction at 300°K calculated as the mean value obtained for four samples is 160 pQ cm
for UAs, and 176 pQ cm for USb,. The experimental error for these measurements is
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Fig. 1. Resistivity versus temperature for UAs, and USb, single crystals measured perpendiéularly to
the c-axis (part a), and temperature derivative of the resistivity (parts b and c)
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90-100 for USb, samples;‘ ‘ )

For USb, the measurements were performed on crystals grown in the form of regular
plates, with the dimension ratio: //b > 3 (I — length, » — width). The c-axis was per-
pendicular to the plate, and the a-axis parallel to the length. The temperature dependence
of the resistivity measured for Varidus samples was practically the same. The results of
measurements for one of these samples are presented in Fig. 1.

The resistivity measurements for UAs, were performed using whiskers or bulk samples
polished from‘bigger crystals. The X-ray diffraction control of the bulk samples showed
that the declination of the samples’ lateral surfaces from the a-axis directions was 2°-3°.

about 5. The residual resistivity ratio, gs/0s.o, varied within 200-260 for UAs, and
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Fig. 2. Temperature dependence of resistivity of powder samples of UAs, and USb, (curves 2 and 4)
and monocrystals (curves / and 3) measured perpendicularly to the c-axis

The temperature dependence of the resistivity, normalized at the Curie point, is presented
for the bulk sample (crosses) and for the whisker of UAs, with diameter 1.1-10-3 cm
(full circles) in Fig. 1. Some discrepancies of the o(T)) values can be noticed there. If the
resistivity tensor for UAs, were highly anisotropic, then the observed discrepancy between
the o versus T curves for these samples might be caused by the longitudinal component
0(T) which contributes besides the transversal component ¢, (7) to the measured value
of the resistivity of the bulk sample. For this reason additional measurements of the tem-
perature dependence of the resistivity of powdered samples were performed.

The resistivity of powdered samples at 300°K, calculated for 1009 density, varied
from 450 to 500 uQ cm for UAs, and from 550 to 620 pQ cm for USb,. The values given
in this paper for the latter compound agree with the value of 600 pQ cm reported by
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Warren and Price [5]. At room temperature the resistivity of the powder samples of UAs,
and USb, is about three times larger then that of the transversal components of the single
crystals (Fig. 2). In addition, the temperature dependence of the resistivity of powder
samples of these compounds (Fig. 2, curves 2 and 4) differs from that of g 1(T) (Fig. 2,
curves I and 3). As has been reported earlier for UP, [4], similar differences between the
resistivity o(T) of powder samples and the transversal component g, (7) for the single
crystal have been ascribed to the strong anisotropy of the transport properties; namely,
at room temperature the resistivity along the c-axis (QH(T)) was about three times larger
than g | (7). One might expect, therefore, that for the UAs, samples a strong anisotropy
is responsible for the discrepancy of o(T) for the bulk sample and the whiskers, due to
the deviation the lateral surfaces from the a-axis. Because the crystals were very thin along
the c-axis, it was imposible to measure the compOneht of the resistivity in this direction.

The spin disorder resistivity was obtained from g (T) measurements by the use of
Matthiessens rule:

Q_]_(n o Qphonon(T)_‘_és.piq _L(T)+Qres.idualj_ (1)

where the symbols have the usual meaning.

The 0yesiauar Of the individual samples, taken as the resistivity value at 4.2°K, is 0.4,
i.e., 1.1% of the resistivity value at room temperature.

The temperature derivative, do/dT, of the electrical resistivity near Ty varies in UAs,
and USb, (Fig. 1, part b and c) like the magnetic specific heat of UP, [10] (specific heats
for UAs, and USb, are unknown) and shows the same positive divergence. As shown
by Fisher and Langer [11] for ferromagnets and Marcelja [12] for antiferromagnets,
this behaviour is caused by the dominant contribution of the short-range spin fluctuations
to the spin disorder resistivity of the metal.

At the highest applied temperatures, do/dT is still temperature dependent which makes
the determination of @ ponen iMpossible. However, as do/dT — 0 with increasing tempera-
ture, one can suppose that the phonon contribution to the total resistivity is small and
can be neglected in evaluating gqpin-

The temperature dependence of the spin disorder resistivity has been considered
many times (see [13, 14]). For this reason, we have compared our results for UAs, and
USb, only with Kasuya’s theory [15]:

M(T) (M(T)+1)

M(0) (M(0)+1) 2

QSPin(T)/Qspinoo =1—-

where M(T) is the sublattice magnetization at ‘temperature 7. The magnetic’ moment

‘obtained from neutron diffraction measurements [6, 71 has been used as the M(0) value.

" The magnetic entropy change of UP, [10] A4S = 1.31 cal mol~* deg™* is very close

to the value which one might expect for a dotiblet as the ground state of the localized
electrons. '

'On the basis of these data, we assume that in UAs, and USb, a pseudo-doublet with

the splitting gap 4 is the ground state of the 5f% configuration electrons of the paramagnetic
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ions. In the molecular field H, = AM(T), the energy gap between the two levels 1s
¢ = gugAM(T)+A4 NE))

and the sublattice magnetization M(T) is

e kT

M(T) = 4 gy @

where 4 is the molecular field paraﬁlcfer and the M(0) value is % gug. For the numerical
calculations the following formula is. convenient:
M(T) 1-e™® Ty M(T) Ty

= fiere & = A2 B_Y. ‘
ME)  1tes T MO UT - O

The parameters A and B are proportional to 4 and 4, respectively. We have chosen Ty
to be 273 +£0.5°K for UAs; and 20340.5°K: for USby, corresponding to the temperature
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Fig. 3. Normalized spin disorder resistivity as a function of T/Ty. The solid curves are calculated: from
the theory of Kasuya [15] for various molecular field parameters and. splitting gaps of. the pseudo-doublet.
The spin- disorder resistivity data for UP, are taken from paper [4]

at which do/dT has a peak. These temperatures differ by 10° and 3°K, respectively, from
those determined from ‘magnetic measurements for the powder samples [2].

In Fig. 3 the curves calculated for UP, (full line) and for UAs, (dashed hne) from
the formulae (2) and (5) for various parameters 4 and B are compared with the experi-
mental data. The values of the above parameters for the three curves are: ) A=15,
B=0015;2) A =15,B=0.15;3) A = 2, B=0.0015. The agreement is only qualita-
tive. However, as shown in Fig. 4 for USb, the dependence Ospin ~ T %2 is fulfilled. The
measurements for UAs, can be adequatly described by the relation g, ~ 72 for the
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temperature range from 70°K up to Ty; and by g ~ T>exp (<E/kT) below 60°K,
with the value E/k = 51°K (Fig. 4, part b).

: Several theories were developed to describe the behaviour of the electrical resistivity
of ferromagnets and antiferromagnets near their transition temperatures.. Our results
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Fig. 4. Spin disorder resistivity perpendicular to c-axié versus temperature

obtained for the uniaxial antiferromagnetic uranium compounds UAs, and USb, (spin
disorder resistivity perpendicular to the spin axis) show a qualitative agreement with
Fisher and Langer [11] or Maréelja’s [12] theories.

The temperature dependence of the spin disorder resistivity for the UX, compounds
‘(where X = P, As, Sb) shows a still better fit with Kasuya’s theory and the simple mole-
cular field model with the increasing atomic number ‘of the metaloid (Fig. 3). One might
expect a better agreement between experimental results and theory by taking into account
the influence of the crystal field on the central U4+ ion as well as the anisotropy constant
determined experimentally. This might also be helpful in explaining the differences in the
temperature dependence of Qspin-

Due to the electron-spinwave scattering [16, 17], in simple ferromagnets the relation-
ship @upin ~ T2 should be fulfilled. According to Mackintosh [18], in ferromagnets with
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high magnetocrystalline anisotropy the spin resistivity should involve a term depending
on the spin wave excitation energy E, the contribution of which is gy, ~ T2 exp (—EJkT).
However, the scattering of electrons by disturbances in the spin system can be analysed
in terms of the spin-wave spectrum at low temperatures (T’ < 5 Ty), the relation g,;, ~ 7?2
being fulfilled above this range. The origin of the T/ term is not yet clear.

The authors would like to express their thanks to Professor W. Trzebiatowski for
his kind interest in this study and wish to thank Professor B. Stalifiski for his helpful
remarks concerning this paper and for reading and correcting the manuscript.
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