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Electronic properties of CeNiX compounds 

J.P. Kuang a,b, H.J. Cui a, j . y .  Li a, F.M. Yang ~, H. Nakot te  b, E. Briick b 
and F.R. de Boer  b 
" Institute o f  Physics, Academia Sinica, P.O. Box 603, Beijing, China 
b Van der Waals -Zeeman  Laboratorium, UniL,ersiteit can Amsterdam, Valckenierstraat 65, 1018 XE  Amsterdam, Netherlands 

The electronic properties of compounds of the type CeNiX with X = AI, Ga, Si and Ge, crystallizing in various crystal 
structures, have been studied. All compounds are found to possess the paramagnetic ground state. The intrinsic magnetic 
properties, which are masked by trivalent Ce impurities, were derived by combining measurements of the magnetic 
susceptibility and of the magnetization in fields up to 35 T. Also, the low-temperature specific heat in fields up to 5 T is 
presented. 

Within the framework of  a research program on the 
electronic propert ies of equiatomic ternary intermetal-  
lic compounds of  the type CeTX with T a transition 
metal  and X an e lement  from the p-block in the 
periodic table, we have investigated CeNiX compounds 
with X = At, In, Si and Ge. The purpose of the pro- 
gram is to clarify the influence of  the constituting T 
and X elements on the electronic properties and the 
ground states of the Ce ions and to investigate the role 
of hybridization of the 4f states with the s, p and d 
states introduced by the T and X atoms. 

CeTX compounds with X = AI, In, Si and Ge, were 
prepared by arc-melting stoichiometric amounts of  the 
pure elements.  All samples were annealed at 800 ° C  
for one to two weeks. By X-ray diffraction, the crystal 
structures (ZrNiAl-structure for X = Al, In; LaPtSi- 
structure for X = Si; TiNiSi-structure for X = Ge)  and 
the lattice parameters  were found to agree with litera- 
ture data [1-5]. By microprobe analysis, the matrix 
composition and the composition and concentrat ion of 
impurity phases were determined.  The following main 
impurity phases were identified: about 2% material 
with composition CeNieAI  2 in CeNiAI, 6% material 
with composit ion CeNi4In in CeNiln,  and a few per- 
cent  of C e 2 0  3 and mater ial  with composi t ion 
Ce3Ni4Si 4 in CeNiSi. In CeNiGe,  no second phase was 
detected. In this compound,  however, fluctuations of a 
few percent  in the Ni concentrat ion were found, which 
were  absent in the other  compounds.  

Fig. 1 shows the tempera ture  dependence  of the 
magnetic susceptibility for all CeNiX compounds be- 
tween 1.6 and 300 K. Although,  at low temperatures,  
the temperature  dependence  is considerable in all 
cases, no indications of magnetic transitions are found. 
The absence of  magnetic order  is confirmed by the 
specific-heat results between 1.3 and 30 K (fig. 2). 
Apar t  from the small anomaly at about 6 K, present in 
all samples except CeNiAl,  the curves do not show any 
sign of magnetic order. The  anomaly observed at 6 K is 
likely due to small amounts (about 1%) of C e 2 0  3, that 
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Fig. 1. As-measured temperature dependence of the magnetic 
susceptibility of CeNiX compounds with X = AI, In, Si and 
Ge. The filled symbols correspond to the intrinsic susceptibil- 
ity values at 4.2 K obtained in high-field magnetization mea- 
surements (see fig. 3). The dashed lines represent the esti- 
mated temperature dependence of the intrinsic susceptibility. 

orders magnetically at 5.8 K. For  all compounds the 
specific heat is not significantly influenced by a mag- 
netic field of 5 T. 

From these results it can be concluded that all 
compounds have a paramagnet ic  ground state. At  low 
temperatures,  however, Ce 3+ ions present in impurity 
phases like Ce203,  strongly contribute to the suscepti- 
bility, thereby masking the intrinsic susceptibility of the 
compounds. In order  to determine the intrinsic low- 
temperature  susceptibility of the compounds, we have 
performed magnetization measurements  in high fields, 
in which the Ce 3+ magnetic moments  saturate, so that 
the remaining high-field susceptibility can be consid- 
ered to represent  the intrinsic susceptibility. The re- 
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Fig. 2. Specific heat of CeNiAI, CeNiln, CeNiSi and CeNiOe, 
presented as C p / T  vs. T. The +signs correspond to data 

taken in an applied magnetic field of 5 T. 

suits of  these measurements ,  carried out at 4.2 K in 
semicontinuous fields up to 35 T in the High Magnetic 
Field Installation at the University of Amsterdam,  are 
presented in fig. 3. The  dot ted lines in fig. 3 corre- 
spond to the intrinsic susceptibilities of the compounds 
and are represented in fig. 1 by the filled symbols. The 
dot ted lines in fig. 1 indicate the est imated tempera-  
ture dependences  of the intrinsic susceptibilities which 
suggest the development  of  (rather fiat) maxima, in- 
dicative for the intermediate-valence state of Ce. The 
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Fig. 3. Magnetization vs. applied magnetic field at 4.2 K of 
CeNiX compounds with X = AI, In, Si and Ge. The intrinsic 
susceptibility values represented by the full symbols in fig. 1, 

correspond to the straight lines drawn. 

maxima develop at lower temperatures,  the higher the 
value of the low-temperature susceptibility, which 
amounts for the compounds with X = A1, Si (see also 
ref. [5]), Ge and In (see also ref. [6]) to 9 × 10 -9, 
1 2 × 1 0 9 ,  2 0 × 1 0  9 and 3 1 × 1 0  -9 m3/mol ,  respec- 
tively. The coefficients 3' of the electronic specific 
heat, giving direct evidence of the presence of 4f states 
at the Fermi level, show a similar dependence  on X. 
They amount  to 13, 22, 32 and 54 m J / K 2 m o l  for 
X = A1, Si, Ge and In (see also ref. [7]), respectively. 

In order to obtain information on the magnetocrys- 
talline anisotropy in these compounds, we have carried 
out magnetizat ion measurements  on two types of sam- 
ples: (a) single-crystalline powder particles, free to 
rotate in the sample holder, so that the powder parti- 
cles can be oriented by the applied field, and (b) 
powder particles fixed in a random orientation by 
frozen alcohol, thus simulating an ideal polycrystalline 
sample. For  all compounds, no significant difference 
was observed between the results of these two types of 
measurements ,  which suggests that the anisotropy is 
small. However,  since the magnetic moments  involved 
are small, even in 35 T, an alternative explanation may 
be a poor orientation of the particles due to the weak 
magnetic forces. 

In conclusion, the intrinsic low-temperature suscep- 
tibilities of CeNiX compounds with X = A1, In, Ge, Si, 
all having a paramagnet ic  ground state, have been 
derived by combining susceptibility and high-field mag- 
netization measurements.  In these compounds, a grad- 
ual development  of the in termediatewalence state is 
observed in the sequence X = Al, Si, Ge, In. 
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