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Abstract 
The isostructural compounds URhln, UPtIn and UPdIn become antiferromagnetic (AF) below 7, 14 and 20.4 K, 

respectively. Their saturation magnetization and the uranium magnetic moments increase gradually in the sequence Rh, Pt, 
Pd and correlate with the expected reduction of the 5 f -d  hybridization. This trend is reflected also in the susceptibility 
behaviour (0p values). 

The hexagonal Fe2P (ZrNiAl)-type structure is adopted 
by more than 20 UTX compounds (T = transition metal, 
X = p-metal). Their magnetic properties range from tem- 
perature-independent paramagnetism (UFeA1) through the 
spin-fluctuation behaviour and /or  band metamagnetism 
(UCoA1, URuA1, URuGa) to magnetic ordering of U mo- 
ments. The U moments (and magnetic order) are gradually 
suppressed with enhancing the 5f-ligand hybridization (de- 
localizing the U 5f states). This follows from magnetic 
measurements [1-3] and from results of energy-band cal- 
culations [4]. The anisotropic hybridization is responsible 
for the huge magnetic anisotropy [5]. 

Three UTIn compounds (T = Rh, Pt and Pd) are formed 
in this structure [6,7]. UPdIn orders antiferromagnetically 
below 20.4 K [6-8]. Below 8.5 K a collinear magnetic 
structure (moments along the c-axis) is built up of ferro- 
magnetic basal-plane sheets of U moments of 1.5/~ B with 
a + -  + - -  coupling along the c-axis, yielding a net 
ferromagnetic component [8]. Similar to other isostructural 
UTX compounds, UPdIn bears a large uniaxial magnetic 
anisotropy (easy-magnetization direction along c). The 
nearly filled Pd 4d band and the largest size of the In 
atoms among the involved p-metals lead to a most reduced 
5f-ligand hybridization. 

In order to follow the development of magnetism in 
UTIn series we also prepared polycrystalline samples of 
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URhln and UPtln [9] and studied their magnetization, 
susceptibility and specific heat. 

In Fig. 1 we show specific-heat results obtained on 
URhln. The specific-heat data for UPdIn and UPtIn have 
been published elsewhere [6,10]. The maximum in the 
C p / T  vs. T plots for URhln, UPtIn and UPdIn observed 
at 6.5, 14 and 20.4 K, respectively, marks the onset of AF 
ordering. For URhIn, the maximum is rather sharp and 
becomes more pronounced and slightly shifted towards 
lower temperatures in 1 T (the field around which a 
metamagnetic transition is seen on the magnetization curve 
in Fig. 2). The anomaly is gradually suppressed in higher 
fields. The low-temperature upturn in C p / T  vs. T re- 
moved in fields above 1 T, may be connected either with 
an additional magnetic phase transition below 1.4 K and /or  
a slight amount of impurities. 
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Fig. 1. Temperature dependence of the specific heat of URhIn in 
various applied fields between 0 and 5 T. 
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Fig. 2. Field dependence of the 'free-powder' (/",) and 'fixed- 
powder' (O) magnetization of URhIn and UPtIn taken at 4.2 K. 
The insets show the low-field parts obtained on oriented powder 
of URhln and UPtln. 

Magnetic measurements were performed on two kinds 
of fine-powder samples: (a) 'free powder' with grains free 
to rotate in the applied magnetic field, (b) 'fixed powder' 
with randomly oriented grains fixed by frozen alcohol or 
by diluted acetone glue. The 'free powder' in sufficiently 
high fields yields the easy-axis magnetization (Mor), pro- 
vided the powder grains are single-crystalline and well 
oriented in magnetic field. The magnetization (Mpolycr) of 
the 'fixed powder' represents an ideal polycrystal. 

The high-temperature susceptibility of URhIn, UPtIn 
and UPdln follows the Curie-Weiss law with parameters 
/xef~-- 3/xB/f.u. and 0p = - 1 2 3 ,  - 4 8  and - 3 7  K, re- 
spectively. The sequence of the 0 v values (compared to 
the respective T N values) reflects a gradually reduced 
5f -d  hybridization between URhIn and UPdIn. The nega- 
tive curvature of the 1/X vs. T plot observed below 150 
K for URhIn and UPtIn is probably due to anisotropy in 
the paramagnetic range. The maximum in x(T)  is ob- 
served at 7 and 18 K for URhIn and UPtln, respectively. In 
UPtIn, this temperature is 4 K lower than reported in Ref. 
[7], but still higher than the T N value determined from the 
specific heat. 

The 'free-powder' magnetization in both URhIn and 
UPtIn at 4.2 K (Fig. 2) is considerably higher than Mpolycr, 
which points to a strong magnetocrystalline anisotropy 
with anisotropy fields exceeding 35 T. In contrast to the 
other ZrNiAl-type UTX compounds, however, UPtIn and 
URhIn exhibit poor saturation of mor even in high mag- 
netic fields. This might be due to a different type of 
anisotropy and single-crystal studies are desirable to prove 
this suggestion. The values of mor in 35 T are 0.9, 1.2 and 
1.5/xB/f.u. in URhIn, UPtIn and UPdIn (the latter value 
represents the saturated magnetization measured on a sin- 
gle crystal along c [8]), respectively. The saturated magne- 

tization of 1.2 and 1.3/xB/f.u. can be roughly estimated 
for URhIn and UPtIn, respectively, from a linear extrapola- 
tion of the Mot vs. 1/B to 1/B = 0. Assuming a negligi- 
ble magnetization transition metal sites, we conclude that 
the U moments gradually increase in the sequence URhln, 
UPtIn, UPdIn, which is reflecting expected reduction of 
the 5 f -d  hybridization (a detailed discussion of the correla- 
tion between U moments and hybridization in UTX com- 
pounds is given in Ref. [3]). 

Powder neutron-diffraction studies of URhIn [11] failed 
to detect magnetic reflections down to 1.5 K., which might 
be due to small U magnetic moments < 0.5/z B and/or  a 
complex (probably incommensurate) antiferromagnetic or- 
dering. A more fine work on single-crystals is desirable. 

Concluding, both the susceptibility behaviour (0p val- 
ues), and the high-field magnetization data reflect a devel- 
opment of the 5f-electron local-moment magnetism in 
UTIn compounds (T = Rh, Pt, Pal) as a consequence of the 
gradually reduced 5f -d  hybridization. This is consistent 
with overall trends in the family of UTX compounds [3] 
but in contradiction with suggestions presented in Ref. [7]. 
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