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Measurements of electrical resistivity, magnetic susceptibility and specific heat on an as-cast polycrystal sample CeNi
are reported. From the frequency and field dependence ofthand x4 aboveTy, a spin glass state with two freezing
temperature§y;, = 3.9K and Ty, = 4.4K corresponding to the tetragonal and monoclinic phases of SelNiseparately,

are proposed. Some comparable intriguing experimental facts are the behaviors with anomalies ob&&ivgdyia(T) and
xdac(T) measurements. A qualitative description for the anomalous physical properties gS8@ettimpound is provided from
the viewpoint of spin glass.
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The problem of the spin-glass phenomenon has been tufeenTy and 3.5K. In fact, this 50% scaling procedure was
interest to both experimentalists and theorists since the latescure, as pointed out by Gémez &adl. recently?® There-
1960’s. An upsurge of enthusiasm in spin glasses may liere, it is speculated that to assess wholly for the anomalous
due to its novel comportment. As reported by Gschneidnagnetic behavior, a complementary contribution is needed
neret al.,? false indications of heavy fermion behavior canin addition to the familiar models of mixing Kondo, crys-
arise from spin-glass magnetism as well as the existencetaf electric field (CEF) and Rudermann, Kittel, Kasuya, and
low lying crystal field levels in Ce- and U-based compoundsyosida (RKKY) interactions. The aim of the present article is
In fact, frustration of magnetic interactions and Kondo efto report ac susceptibility and history-dependence magnetiza-
fects are thought to be the two possible main reasons whition performed in an as-cast CelSip sample, to discuss the
block the establishment of long range ord&rand may lead role of spin glass, and to provide a useful qualitative descrip-
to a nonmagnetic or low ordering temperature ground statmsn.
specific-heat enhanced compounds. Some recent related paPolycrystalline samples investigated for this work were
pers are listed in refs. 6-12. synthesized by arc melting together with stoichiometric

In a recent study of ternary Cejdin, intermetallic com- amounts of the constituent elements in a Zr-gettered arc fur-
pound it has been established that there exists two crysace on a water-cooled Cu hearth under purified argon of
tallographic structure phases depending on prepar&tid¥. about one atmosphere. The rare-earth elements 89.9%
From the literature data, the as-cast sample generally cry8N) purity were obtained from the Materials Preparation
talizes in the tetragonal CaB®8e,-type structure with space Center of the Ames Laboratory. The 4N purity Ni and 5N pu-
group P4/nmnt*17) However, annealing process will causerity Sn were purchased from Gredmann, Inc. Weight losses
a monoclinic distorsiot? 1929 of the previous structure and during arc melting were less than 0.5% due to the suffi-
the space group turns out to be;P2Since both crystallo- ciently low vapor pressures of these elements at the melt-
graphic structures have only small differences in the magng temperature of the ternary compounds. A Mac Science
nitude of their unit cell parameters, the badly crystallizednicrocomputer-controlled powder diffractometer equipped
sample even can be hardly resolved from the powder X-rayith copper target and graphite monochromator for @uk-
diffraction patterns. This is the why for there has been sondiation was used to obtain the powder X-ray-diffraction pat-
controversy about Cebsry, crystallographic structure for the terns at a scan rate O/hin. The dc electrical resistivity
past years. In addition to its crystallographic structure, thmeasurements were made on rectangular samples of uniform
CeNiSrnp, compound attracts much interest mainly due to itthickness (approximate dimensionsc1l x 6 mm?’) between
intriguing heavy fermion behavior at low temperatures. Thi2.0 and 300K in a system fully automated for temperature
compound is an anisotropic Kondo-lattice system with an arstability and data acquisition. The ac and static magnetic sus-
tiferromagnetic ordering temperatuiigy = 2-22K and a ceptibility measurements were carried out with a commercial
specific heat coefficient value approaching between 0.27Quantum Design SQUID (superconducting quantum interfer-
and 0.65J/moeK?, depending on authors and the temperaence device) magnetometer. The specific heat was measured
ture range concernéd.1618.19.21.22The magnetic entropy with a semiadiabatic calorimeter using a standard heat-pulse
Sn(Ty) associated with a modulated magnetic structure fdechnique in the temperature from 0.5 to 20 K.

CeNbSn is only 35% of 2RIn2, corresponding to a reduction Analysis of powder X-ray-diffraction patterns shows that

of ~ one-third of the cerium mome#f) The large magnetic the as-cast samples crystalize in a tetragonal GaBetype

reduction was attributed to Kondo effect. However, to fit thetructure with space group P4/nmm. No traces of secondary

magnetic specific heat anomaly for> Ty, Pierreet al. took  phases were observed. As determined by the method of least

the sum of the magnetic/Kondo contribution from the groundquares fit, the refined lattice parametees 0.443255) nm,

state doublet and 50% of the calculated Schottky anomaly,= 1.014215) nm for CeNpSn, are in good agreement with

which led to a questionable conclusion that only a small corthe literaturet® 1519

tribution arising from short range order might be present be- Figure 1 displays the temperature dependence of the resis-
tivity of CeNi,SnpZ and LaNpSrp,. The magnetic resistivity
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Fig. 1. Resistivity vs temperature of CefSip, LaNi;Srp and the differ-
ence between these two compounds from 2.0 to 300K. (a)
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Fig. 2. Magnetic resistivityom vs In(T) of CeNipSn, between 2.0 and
300K. (®)

Fig. 3. (a)(b) The temperature dependence of real and imaginary com-
pounds of ac susceptibility for Cep8ry in a driving field of 1.0G at 10,

om(T) is estimated by sustracting the resistivity of isostruc- 100, 200, 500 and 1000 Hz.
tural LaNbSn, from that of CeNjSrnp. Both the resistivity
of CeNiLSn, and the magnetic resistivity,(T) decrease al-
most linearly to a minimum value at 35K as temperature iis tetragonal withTy = 1.8 K'®-22and the other one is mon-
lowered from room temperature then show a Kondo-like inoclinic with Ty = 2.1K.19) Therefore the two freezing tem-
crease at lower temperature down to 5K where the maxinperaturesly = 3.9K and T, = 4.4K, may originate from
appear. Upon further cooling, a drop in the magnetic resistifhe frustration of magnetic interactions in the tetragonal and
ity curve below 5K is attributed to the onset of coherence bénonoclinic structures separately. In fact, Piezrel.'® also
tween Kondo states at Ce sites as well as the magnetic phgégcussed the frustration of magnetic interactions in GBNi
order transition. The data fs,(T) are plotted as a function from the neutron diffraction data before. Our speculation
of In(T) in Fig. 2. A In(T) dependence is seen in the tems reasonable because it is very hard to tell the two phases
perature region 10k T < 30K, which is one of the char- from powder X-ray diffraction patterns due to their small dif-
acteristic features of dense Kondo systems. Compared to figgence in unit cell parameters of the two crystal structures.
electrical resistivity measurements on single crystal GBNi  The frequency shifts of the maxima ja. susceptibility yield
as reported by Takabatakeal.,'® our resistivity data have ratios AT/[TtA(log,o(v))] = 0.006+ 0.002, which are in
about five times larger value in magnitude probably due to ti@ood agreement with values previously reported for metallic
existence of the disorder and deficiciency in the nonmagnetiasse$? In CeNpSny, peaks ofx,. andx/ occur at slightly
sublattice of our polycrystal sample. Moreover, our resistivitglifferent temperature, i.esxx 0.1K. Figures 4(a) and 4(b)
maximum in the resistivity curve appears at12.5K lower illustrate the temperature dependence of zero-field-cooled
temperature. (ZFC) and field-cooled (FC) static magnetic susceptibilities
Figures 3(a) and 3(b) depict the real and imaginary parter the compound CelNbr, measured, in five field$d = 10,
of xac versusT at different frequencies for the 1.0 G driv- 100, 200, 400 and 800 G, between 2 and 6 K with a commer-
ing field. Note two prounced cusps in regl at 3.9K and cial SQUID magnetometer. It is seen that, at low fielgg,,
4.4 K may denote two freezing temperatures. Itis recalled thit = 10, 100, 200 and 400G, the magnetization measured
CeNiLSn, crystallizes in two crystallographic structures, ongfter zero-field-cooling is different from that in field cooling
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(a) Fig. 5. The field dependence of magnetizathd(H ) for CeNLSrp at 2 K.
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g. 6. The temperature dependence of specific [&dt) of CeNLSn

Fig. 4. (a)(b) The temperature dependence of zero-field-cooled (ZF(l::j measured in fieldsl — 0 02T and 1.0 T between 0.5 and 10 K.

and field-cooled (FC) susceptibility of Cefin, measured in fields of
H =10, 100, 200, 400 and 800 G between 2.0 and 6.0K.

as in the magnetic entropy &4 was analyzed by Pieret al.

below T;. When the magnetic field increases to 800 G, th&ainly from the viewpoints of mean field model and Kondo
spin glass is depressed. The severe history dependence n&fpct. We need to point out here that spin glass behavior as
netization of CeNiSn is also demonstrated in the hysteresigeflected in the hysteresis data for CeBl, at 2K in Fig. 5
loop measurements at temperature belbw As shown in may not be neglected in this situation. A more interesting be-
Fig. 5, the hysteresis d¥l (H) for CeNi,,Sr, at 2K is proba- havior is the anomaly abovk, in the specific heat data curve
bly due to the time dependenceNdf(H) in a spin-glass state. of CeNpSn.. Again, the broad hump between 4 and 7 Kiin the
The competition of ferromagnetic and antiferromagnetic inspecific heat data curve in Fig. 6 also reminds us the freezing
teraction may creat small ferromagnetic component cluste$ the magnetic moments as shown in the above ac suscep-
in CeNpSn. tibility data in Fig. 3. The reason is that the existence of a

As indicated in Fig. 6, the specific heat vs temperatureroad peak in magnetic specific heat at higher temperature
C(T) data curve of an as-cast CeSi, sample measured in thanTy, i.e., about 1.3 or 1.4 times &,?>?®is one of the
fieldsH = 0, 0.2T and 1.0 T between 0.5 and 10 K showg§haracteristic features of a spin glass. The two broad peaks in
a broad Lamda-type anomaly around 2K and a peak valt@agnetic specific heat of Ce}in, may merge into a broad
approaching 5.8 J/md#l. We here, do not present the spe-hump due to the two close freezing temperatufas= 3.9K
cific heat data of LaNiSn, to get magnetic specific heat of and T, = 4.4K. Unfortunately, at present stage, there is
CeNpSn, due to the neglected small value of LaBip at  Still no persuadable theory to calculate the specific heat due
low temperatures, and this does not affect our qualitative and® spin-glass order in a NMAD spin glass. We still can not
ysis. Similar anomaly measured in zero field was found biule out the possible contribution of crystal field (CF) split-
Takabataket al.!® and Beeyermanat al.2? It is found that  ting in CeNbSny,'%29 though Sampathkumaras al.*®) has
the experimental specific heat jump at the magnetic transiti&yer proposed a negligible CF splitting and no second peak in
is only about 47% of the theoretical value calculated on them(T) dut to CF effects has been observed in CefSinp.
mean field ionic model for a ground state doublet of Eim From the present study, we conclude that the as-cast inter-
CeNpSn,. This large reduction in specific heat jump as welmetallic compound CeNSn,, which may crystallize in two
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