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Abstract. On the basis of specific heat, magnetic sus-
ceptibility and electrical resistivity measurements, CeTSi3
(T = Rh, Ir) have recently been characterized as magneti-
cally ordered Kondo lattice compounds. However, no mag-
netic Bragg peaks could be observed by powder neutron
diffraction, resulting in an upper limit of the ordered mag-
netic moment of 0.25 µB. An additional quasi-elastic neutron
scattering study on CeRhSi3 did not reveal any appreciable
magnetic signal at low temperatures (T ≤ 40 K) and only
very weak scattering contributions at elevated temperatures
(80 K ≤ T ≤ 300 K). For a proper characterization of CeMSi3
(M = Rh, Ir), we propose the inclusion of crystal-field (CF)
effects and nonmagnetic atomic disorder. This may also hold
true for other compounds of the CeTX3 (T = transition
metal, X = Si, Ge) intermetallics showing similar magnetic
behavior.

                               

Heavy fermion compounds have been in the focus of scien-
tific research as an outstanding example of strongly correlated
electron systems (for a review see, for example, [1]). One
intensively studied class of heavy fermion systems are the
CeT2X2 (T = transition metal, X = Ge, Si) intermetallics (for
a review see, for example, [2]). Much less work has been de-
voted to the closely related class of CeTX3 compounds. Many
of the CeTX3 compounds crystallize in the BaNiSn3 structure
characterized by space group I4mm, in which Ba, Ni and one
Sn ion occupy the Wyckoff position 2a and a second, inequiv-
alent Sn ion is found at the 4b position [3]. Several CeTSi3
compounds have been investigated recently [4–8], and they
revealed interesting magnetic properties with a stable triva-
lent Ce valence, except for T = Co, Ru and Os [4]. CeFeGe3
seems to possess a stable valency in spite of its high Kondo
temperature of more than 100 K [8]. A similar behavior has
recently been found for T = Rh, Ir [9]. CeRhSi3 and CeIrSi3
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(as well as their Ge homologue compounds) have been in-
vestigated by means of specific heat, magnetic susceptibility
and resistivity measurements [9]. Antiferromagnetic order is
found below TN = 1.8 K (T = Rh) and TN = 5.0 K (T = Ir).
Both compounds show a significantly enhanced Sommerfeld
coefficient of about 120 mJ/mol K2, indicating an enhanced
density of states at the Fermi level. The magnetic entropy
at the phase transition amounts to only a small fraction of
R ln 2, thus pointing towards strong Kondo compensation ef-
fects [9]. Very high negative values of the Weiss temperature
(−128 K for CeRhSi3 and −142 K for CeIrSi3, respectively)
are often found in intermediate valence compounds. A pro-
nounced maximum of the resistivity has also been interpreted
in terms of a Kondo temperature of the order of 100 K. On
the other hand, the perfectly obeyed Curie–Weiss behaviour
above 150 K indicates a stable trivalent valence state despite
the high Kondo temperature [9], similar to what has been ob-
served in CeFeGe3 [8]. In order to obtain greater insight into
this contrasting magnetic behaviour, we performed neutron
scattering experiments on CeTSi3 (T = Rh, Ir).

1 Experimental details and results

Polycrystalline samples of CeTSi3 (T = Rh, Ir) were synthe-
sized by argon arc melting of commercially available high
purity elements. The samples were subsequently tempered at
1200 K for 2 weeks and characterized by X-ray (Cu-Kα1 radi-
ation) powder diffraction at room temperature. All diffraction
data were analyzed by the standard Rietveld method [10]
employing the FULLPROF program [11]. Both compounds
showed the nominal BaNiSn3 structure. The lattice constants
were refined to a = 4.235(2) Å, c = 9.788(2) Å for Rh and
a = 4.247(2) Å, c = 9.701(2) Å for Ir, with the correspond-
ing Bragg reliability factors, RBragg = 5.6% (T = Rh) and
8.2% (T = Ir). The lattice constants are in agreement with
the values reported in the literature [9]. Whereas the Rh com-
pound was very nearly single phase, significant Bragg reflec-
tions of a spurious phase showed up in the diffraction pattern
of the Ir compound. A pattern decomposition analysis re-
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vealed Ce2Ir3Si5 as being the most probable candidate for the
parasitic phase.

Neutron powder diffraction experiments were performed
on the diffractometer E6 at HMI, Berlin. An incident neutron
wavelength of λ = 2.42 Å was selected by a pyrolytic graph-
ite monochromator. The diffraction patterns of CeTSi3 (T =
Rh, Ir) are shown in Fig. 1. The crystallographic BaNiSn3
structure could be confirmed. When subtracting the inten-
sities at high temperatures within the paramagnetic regime
from the low-temperature intensities within the magnetically
ordered state, the nuclear scattering contributions vanish leav-
ing intensities of magnetic origin only. As evident from
Fig. 1, for both compounds, no magnetic Bragg peaks could
be observed, resulting in an upper limit of the ordered mag-
netic moment of µord ≤ 0.25 µB.

A fundamental property of any magnetic system is the
dynamical susceptibility, χ ′′(Q, ω, T ), which can be meas-
ured via the dynamic structure factor, S(Q, ω, T ), in inelastic
neutron scattering experiments. We therefore performed ad-
ditional quasi-elastic neutron scattering experiments for the
single-phase compound CeRhSi3. The experiments were per-
formed on the time-of-flight spectrometer IN6 at the Institut
Laue Langevin (ILL), Grenoble. An incident neutron energy
of 3.1 meV was used. Measurements were made at T = 1.8,
4, 8, 15, 25, 40, 80 and 150 K. Additionally, a vanadium plate
and an empty sample holder were measured to account for de-
tector efficiency and background signal, respectively. The raw
data were corrected in a standard way, employing routines of
the ILL. Due to the extremely weak (in fact, even vanishing)
intensities, all detectors in the range of 10.33◦ ≤ 2Θ ≤ 52.69◦
have been summed up. The corrected average spectra are
shown in Fig. 2. Only the elastic line could be fitted by a delta

Fig. 1. Neutron powder diffraction patterns of CeTSi3 (T = Ir, Rh) for dif-
ferent temperatures. Open circles and full lines correspond to observed and
calculated intensities, respectively. At the bottom of each panel, the dif-
ference between low-temperature and high-temperature diffraction patterns
(corresponding to magnetic intensities) is shown on an expanded scale

Fig. 2. Quasi-elastic neutron scattering spectra of CeRhSi3 for different
temperatures, 1.8 K ≤ T ≤ 150 K, corrected for background and detector
efficiency

peak, convoluted with the instrumental resolution. Note that
the resolution function displays small tails up to approxi-
mately ±0.5 meV energy transfer (see Fig. 2). The entire in-
tensity scale of Fig. 2 corresponds to only 0.1% of the peak
intensity of the elastic line. At low temperatures, no appre-
ciable quasi-elastic intensity could be detected. At T = 80 K
a rather broad (width of about 3 meV) and very weak quasi-
elastic signal starts to develop and increases in intensity upon
heating to T = 150 K (see Fig. 2).

2 Discussion and conclusion

A possible Kondo lattice behavior of CeRhSi3 was observed
using specific heat, magnetic susceptibility and electrical re-
sistivity measurements [9]. However, a large decrease in
the inverse susceptibility, related to a similar variation of
the resistivity, may, at least to a major part, be accounted
for by crystal-field (CF) effects. In this case only the low-
temperature part of the susceptibility would be significant,
displaying a paramagnetic Weiss constant of a few Kelvin, in
agreement with the low ordering temperatures. The strongest
experimental evidence for Kondo lattice behaviour of CeTSi3
(T = Rh, Ir) is based on a strongly reduced magnetic en-
tropy at the magnetic phase transition, reaching only 12% of
R ln 2, together with an enhanced electronic contribution of
the specific heat at low temperatures [9]. The low value of
the magnetic entropy is consistent with the fact that no mag-
netic Bragg peaks could be observed in our neutron powder
diffraction experiments, corresponding to very small ordered
magnetic moments. On the other hand, an enhanced Som-
merfeld coefficient of 120 mJ/mol K2 would correspond to
a Kondo temperature of the order of 100 K. This should lead
to a significant magnetic response in the quasi-elastic neutron
scattering spectra. On the basis of well-established magnetic-
relaxation-rate studies of other heavy fermion systems (in
particular, the CeT2X2 compounds), quasi-elastic scattering
signals of magnetic origin are expected with about two orders
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of magnitude stronger intensities. The present neutron scatter-
ing experiments therefore reveal that the static (ordered mag-
netic moment) part as well as the low-energy dynamic (quasi-
elastic) part of the susceptibility represents only a minor
contribution. Consequently, the high-energy (hω ≥ 5 meV)
spectral response will play a crucial role in the magnetic prop-
erties of CeTSi3 (T = Rh, Ir), corresponding to a dominant
influence of CF effects, as already indicated by the tempera-
ture dependence of the susceptibility and resistivity.

Already some years ago, Gschneidner et al. [12] sug-
gested the possible appearance of non-magnetic disorder spin
glasses in Ce and U compounds. He argued that structural
disorder around the f atoms causes a distribution of RKKY
interactions, yielding a frustrated ground state due to ran-
dom bonds. Concomitantly, strong spin fluctuations arising
from the frustration and CF effects are responsible for the
high values of the linear term of the specific heat and there-
fore are often falsely interpreted as heavy fermion com-
pounds [12]. The effect of disorder and frustration on the
physical behavior of traditional f -electron heavy fermion
compounds has been discussed by Mydosh [13]. Recently,
it has been found that nonmagnetic atomic disorder and
magnetic frustration lead to a heavy fermion spin glass in
URh2Ge2 [13, 14]. The disorder has been explained as an
amalgamation of the two crystallographic structures pos-
sible for 1:2:2 compounds [14]. Another, similar example of
a fully stoichiometric 1:2:2 compound displaying spin glass
behavior is PrAu2Si2 [15]. It is interesting to note that also
in PrAu2Si2 an enhanced value of the Sommerfeld coeffi-
cient of 120 mJ/mol K2 is observed [15]. Despite a care-
ful heat treatment it was only possible to synthesize ap-
proximately single phase materials of CeTSi3 (T = Rh, Ir),
thus pointing to considerable nonmagnetic atomic disorder,
which (together with crystal field effects) may lead to an
enhanced Sommerfeld coefficient of the specific heat. The
low ordering temperatures of CeTSi3 (T = Rh, Ir) reveal
a small value of the magnetic exchange constant, J . This
indicates that the magnetic exchange is close to a knot of
the oscillatory RKKY interaction responsible for the onset
of long-range magnetic order in these intermetallic com-
pounds. Therefore the details of the local atomic environ-
ment around the Ce ions will considerably influence the mag-

netic exchange. Disorder can easily suppress magnetic or-
dering by either shifting J towards 0 or changing its sign,
thus leading to random bonds. This will lead to a reduced
value of the averaged ordered magnetic moment and a cor-
respondingly reduced value of the magnetic entropy when
entering the magnetically ordered state. We conclude that
a Kondo lattice behavior of CeRhSi3 may not be necessary
to explain the results of the macroscopic measurements but
is difficult to reconcile with the present neutron scattering
results.
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