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THE U(Co,.xCux)2Ge2 SYSTEM STUDIED BY AC-SUSCEPTIBILITY
AND SQUID-MAGNETIZATION MEASUREMENTS
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The U(M,M')2X2 solid solutions (M, JVT = Co, Ni, Cu ; X = Si, Ge), crystallizing in the
body-centered tetragonal ThCi^Sia-type structure, were studied intensively by neutron
diffraction at the NRCN since 1988 [1], and their magnetic phase diagrams were estab-
lished [2]. Although several of these magnetic phase diagrams were studied also by
AC-susceptibility measurements, the U(Coi.xCux)2Ge2 system was -studied -by neutron-
diffraction only [2,3]. The originally established magnetic phase diagram of the latter
system [3] involved only materials with x = 0, 0.25, 0.50, 0.75, and 1. The more
recently published version of the diagram involved also the compositions x = 0.60 and
0.70. In this paper we report our recent AC-susceptibility and SQUID-magnetization
complementary measurements on all available solid solutions in this system.

Polycrystalline samples of the U(Coi.xCux)2Ge2 solid solutions (x = 0, 0.25, 0.50,
0.60, 0.70, 0.75, 1) were prepared by arc-melting of stoichiometric amounts of the
constituents in argon atmosphere, and subsequently annealed in vacuum for 114-120 hrs
at 1023 K. The impurity level in all compositions, as observed by the neutron and x-ray
diffraction measurements, did not exceed 1-4%.

As x varies from 0 to 1, the lattice parameter a increases gradually by 1.25%, with
positive deviation from Vegard's law, while the parameter c increases by 3.63%, but
with negative deviation from Vegard's law (Table 1). Nevertheless, the variation of the
tetragonal cell volume is close to Vegard's law, with a total increase of'6.2%.

AC-susceptibility and zero-field-cooling SQUID-magnetization measurements,
both carried out in very low magnetic fields, were done on all seven samples, yielding
comparable magnetic behaviour and transition temperatures (Table 1).

Table 1. Tetragonal lattice parameters and magnetic transition temperatures observed in
the present study of U(Coi.xCux)2Ge2. See text for discussion on the To transition.

Copper

X

0 (UCo2Ge2)

0.25

0.50

0.60

0.70

0.75

1 ( UCibGe2)

Lattice

a (pm)

400.5(2)

402.3(1)

403.8(1)

404.6(2)

405.0(1)

405.6(1)

405.5(1)

parameters

c (pm)

986.7(4)

989.6(2)

999.6(2)

1002.7(4)

1007.5(3)

1010.9(2)

1022.5(2)

Magnetic

TN(K)

SQUID AC

170(2) 180(5)

133(2) 143(3)

transition temperatures

To

SQUIE

105(2)

85(2)

82(1)

(K)

) AC

117(2)

95(2)

96(1)

Tc (K)

SQUID AC

105(1)

104(1)

104(2)

107(3)

105(2)

115(3)

114(1)

107(3)

111(2)

111(1)
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A ZFC SQUID (50 mg)

O AC Susceptibility (640 mg)

The data in Table 1 show small temperature differences between the transition
temperatures measured by AC-susceptibility and SQUID-magnetization. The average
difference changes from 3 K for the ferromagnetic side to about 11 K for the AF side.
The different transition temperatures are related to the difference between the two
measuring methods and temperature uncertainties in our self-made AC-susceptometer.

The magnetic transitions observed here roughly agree with the previous neutron
diffraction values [2,3]. It is evident that with increasing x the magnetic ordering below
the paramagnetic state varies between antiferromagnetic (AF) ordering (for x = 0, 0.25)
and ferromagnetic ordering (for x = 0.70, 0.75, 1). The intermediate compositions (x =
0.50, 0.60) also exhibit ferromagnetic ordering below the paramagnetic state, but
undergo a second transition into an AF state at a lower temperature To.

In the U(Goo.75Guo.25')2Ge2--solid-
solution (x = 0.25) both magnetic meas-
urements show an additional feature
(Fig. 1). The additional feature at To

could indicate another transition, this
time between two AF states. The higher
state is presumably incommensurate
(IC), as has been already observed in
related systems, containing Ni [2]. Re-
examination of the previous neutron
data, although of low quality, shows
traces of this transition, especially in
comparison- with the above related
systems. Further investigations by means
of high-quality neutron diffraction are
required in order to confirm the nature of
the additional phase.

In Fig. 2 the magnetic phase dia-
gram of the U(Coi_xCux)2Ge2 system is
shown, as revised with respect to the
previously published diagrams (Fig. 1 in
Ref. [3], and Fig. 2(a) of Ref. [2]). The
transition temperatures are those
obtained by the SQUID magnetization
(see "SQUID" columns in Table 1).

The introduction of another .AF
region, presumably IC, and its relation to
the ferromagnetic phase just below the
paramagnetic region, and the AF-Ferro-
magnetic boundary, should be studied on
additional, newly-prepared solid-solu-
tions of the U(Coi-xCux)2Ge2 system.
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Fig. 1. Temperature variation of the molar
AC-susceptibility and SQUID magnetiza-
tion (M/H) of U(Co0.75Cu0.25)2Ge2 (x=0.25).
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Fig. 2. Magnetic phase diagram of the
U(C0|.xCux)2Ge2 system, revised with re-
spect to the one in Fig. 2(a) of Ref. [2].
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