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Physical properties of the magnetically frustrated very-heavy-fermion compound YbCuyNi

J. G. Sereni,' . éurh’k,2 M. Giovannini,? A. Strydom,“’5 and M. Reiffers?
'Department of Physics, CAB-CNEA, CONICET, 8400 San Carlos de Bariloche, Argentina
2I"acz,tlty of Humanities and Natural Sciences, University of Presov, 17. novembra 1, Presov, Slovakia
3Department of Physics and CNR-SPIN, University of Genova, Via Dodecaneso 31, Genova, Italy
*Highly Correlated Matter Research Group, Physics Department, University of Johannesburg,

P.O. Box 524, Auckland Park 2006, South Africa
SMax Planck Institute for Chemical Physics of Solids, Nothnitzerstrasse 40, D-01187 Dresden, Germany

® (Received 18 June 2018; revised manuscript received 1 August 2018; published 17 September 2018)

The physical properties of the very-heavy-fermion compound YbCuyNi were characterized through structural,
magnetic, thermal, and transport studies along nearly four decades of temperature ranging between 50 mK and
300 K. At high temperature, the crystal electric field level splitting was determined with A;(I's) = 85K and
A,(Tg) = 200 K, the latter being a quartet in this cubic symmetry. An effective magnetic moment pe = 3up
is evaluated for the I'; ground state, while at high temperature the value for a Yb*" ion is observed. At low
temperature this compound shows the typical behavior of a magnetically frustrated system undergoing a change
of regime at a characteristic temperature 7* ~ 200 mK into of Fermi-liquid-type “plateau” of the specific heat:
C,,/T|r—o = const. The change in the temperature dependence of the specific heat coincides with a maximum
and a discontinuity in respective inductive and dissipative components of the ac susceptibility. More details about
the nature of this ground state are revealed by the specific heat behavior under applied magnetic field.
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I. INTRODUCTION

There is an increasing number of new Yb-based com-
pounds which do not show long-range magnetic order down to
the millikelvin range of temperature. Since they are character-
ized by having robust magnetic moments and by exhibiting a
divergent increase of magnetic correlations in their paramag-
netic phase upon cooling [1], it is expected that they belong to
a different class of materials than those placed around a quan-
tum critical point [2]. The strong increase in the density of
magnetic excitations is reflected in power-law dependencies
of the specific heat: C,,(T)/T o 1/ T2, with exponents in the
range 1 < Q < 2 that clearly exceed the C,,/T|r—o values
of usual non-Fermi liquids [3] that increase as —In(7/Ty)
with decreasing temperature. These compounds can be called
very heavy fermions (VHFs) because their C,,/ T |r_o range
between ~5 and 212 J/mol K? [4].

Two scenarios were proposed for the lack of long-range
magnetic order in these compounds, one due to a very
weak magnetic interaction between Yb ions and the other
due to magnetic frustration. The former applies to YbPt;In
and YbPt;Sn compounds that show the record high ~12
J/mol K? value [5] after undergoing a maximum of C,,(T)/T
around 250 mK. Magnetic frustration can originate from
peculiar geometric coordination of the magnetic moments [6]
or from the competition between magnetic interactions of a
different nature. Triangular (two-dimensional) and tetrahedral
[three-dimensional (3D)] are the typical atomic configurations
producing frustration at low temperature, with the striking
feature that a number of Yb systems show a similar plateau
of Cp,/T|7-0=7.5=£0.5]/mol K2 below a deviation from
their power-law dependence of C,,/T(T) within the mil-
likelvin range [4] at a characteristic temperature 7*.
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The mentioned absence of magnetic order in these VHFs
was verified by different types of measurements besides
specific heat. For example, the electrical resistivity p of
YbCus_,Au, [1] and PrInAg, [7] decreases continuously
with temperature around 7* without showing any discontinu-
ity in their thermal slopes after undergoing a broad maximum.
The lack of magnetic order in YbCus_,Au, down to 0.02 K
was confirmed through nuclear quadrupole resonance and
muon spin resonance (4SR) measurements [8].

A relevant aspect of the VHF compounds concerns their
potential application for adiabatic demagnetization refrig-
eration based upon the large amount of entropy accumu-
lated below 1 K that can be removed under magnetic
field. This property was thoroughly explored in at least
two compounds: YbPtIn [9] and (Yb;_,Sc,)Co0yZnyy [10].
The latter, YbCo,Znyy [11], together with YbBiPt [12] be-
longs to the mentioned class of compounds showing similar
Cy/T|7—0 ~ 7.5]/mol K*> below T*. After having recog-
nized the YbCus_,Au, (0.4 < x < 0.7) family as belonging
to this “plateau”-type group while the stoichiometric com-
pound YbCuyAu presents a cusp in the specific heat at T =
0.8 K [13], we have searched for an alternative composition in
order to identify the main property producing such a different
behavior. With this aim we have studied the physical prop-
erties of the isotypic compound YbCuyNi, which has nearly
isochoric Ni atoms with an 3% smaller metallic radius than
Cu, instead of Au, which is ®20% larger.

II. EXPERIMENTAL DETAILS

The polycrystalline samples of YbCuyNi and LuCuyNi
were prepared after weighing stoichiometric amounts of the
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TABLE I. Structural parameters of YbCuyNi refined from x-ray
data in the space group F-43m. Residual values: Ry = 4.10%, Ry =
5.58%, Ryp = 6.86%.

Atom Site X y z

Yb 4c 0.25 0.25 0.25
Cu 16¢ 0.6259(1) 0.6259(1) 0.6259(1)
Ni 4c 0 0 0

elements with the following nominal purity: Yb, -99.9% mass;
Lu, 99.9% mass; Cu, 99.999% mass; and Ni, 99,995% mass.
Then the elements were enclosed in small tantalum crucibles
and sealed by arc welding under pure argon. The samples were
melted in an induction furnace under a stream of pure argon.
To ensure homogeneity during the melting, the crucibles were
continuously shaken. The samples were then annealed in a
resistive furnace for two weeks at 700 °C and finally quenched
in cold water.

The two samples, YbCuyNi and LuCuyNi, were character-
ized by optical and electron microscopy and by quantitative
electron probe microanalysis. The crystal structure was exam-
ined by x-ray diffraction using Ko« radiation. Rietveld matrix
full-profile refinements were performed using the program
FULLPROF [14].

Specific heat measurements on YbCuyNi were carried
out in a commercial physical property measurement system
within the temperature range 0.4 < 7' < 300K in zero and
applied magnetic fields up to 9 T. Using the same device, the
temperature dependence of electrical resistivity was measured
within the mentioned ranges of temperature and field for mag-
netoresistance. The low-temperature resistivity measurements
(50 mK < T < 4K) were performed using a four-coil config-
uration, applying an ac current of 0.2 mA witha f = 18.3Hz
frequency. The temperature dependence of magnetization and
magnetic susceptibility were obtained using a commercial
magnetic property measurement system. At low temperature
(between 50 mK and 4 K) ac magnetic susceptibility was
measured while applying an excitation intensity of 1 Oe using
different frequencies: f = 4, 1, and 0.1 kHz.

III. EXPERIMENTAL RESULTS
A. Crystal structure of YbCuyNi

Single-phase sample material of YbCu4sNi was obtained
that showed a fcc structure of MgCu,Sn type (ternary deriva-
tive of the AuBes-type structure) with lattice constant a =
6.943 A. The structural results of the Rietveld profile fitting
are summarized in Table I, and the corresponding diffraction
pattern is shown in Fig. 1(a). The structure was checked with
respect to ordered and disordered locations of atoms in the
structure, but the compound turned out to be a fully ordered
compound with a full occupation of the atoms in each site.
As depicted in Fig. 1(b), this fcc lattice can be viewed as
a network of edge-sharing tetrahedra with Yb magnetic ions
located at the vertices [15] being a 3D analog of a triangular
lattice. The details of the structural refinement for the isotypic
LuCuy4Ni compound were reported in a previous work [16].
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FIG. 1. (a) The experimental x-ray diffraction powder pattern
of YbCu,yNi compared with the calculated diffraction diagram. The
experimental data are shown by symbols, whereas the line through
the data represents the results of the Rietveld refinement. The lower
curve is the difference curve. The ticks indicate Bragg peak positions.
(b) Crystal structure seen as edge-sharing tetrahedra with Yb ions
located at the vertices (unit cell indicated by black lines) after [15].

B. Magnetic susceptibility and magnetization

In Fig. 2(a) the inverse magnetic susceptibility (1/x) of
YbCuyNi is shown between 2 and 400 K. This tempera-
ture dependence can be described by a simple Curie-Weiss
law with a negligible Pauli-type contribution (xo = 4 x 10~
emu/mol Oe): x(T)= C./(T 4+ 0p)+ xo. The Curie con-
stant C, extracted from a fit of the high-temperature range,
70-300 K, reveals an effective magnetic moment e =
4.42up, close to the free Yb>* ion value. The paramagnetic
Curie-Weiss temperature §p = —19 K indicates a dominating
antiferromagnetic exchange at high temperature and a weak
Kondo effect affecting the excited crystal electric field (CEF)
levels. Below T = 70K, 1/x turns down due to a smaller [tes
value of the ground state (GS), which in the range 5 > T >
2 K is evaluated as M&? ~ 3.1up with a weak intensity of the
molecular field 91(;’5 =—1.3K.

Below 4 K the magnetic susceptibility was measured by an
ac method down to 50 mK, without detecting any frequency
dependence. The results for f = 4kHz, included in the inset
in Fig. 2(b), show a maximum in the inductive component
x'(T) at Txx &~ 170mK and a clear step in the dissipative
component x” at the same temperature. This feature will be
discussed in the following section together with the onset
of coherence in p(7T) and the C,(T)/T|r—o plateau. The
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FIG. 2. (a) High-temperature dependence of the inverse mag-
netic susceptibility and (b) low-temperature inductive component of
ac susceptibility scaled with high-temperature dc susceptibility in a
double logarithmic representation. Inset: inductive (x’, left axis) and
dissipative (x”, right axis) components of ac susceptibility measured
at f = 4 kHz in a semilogarithmic representation.

low-temperature x'(7T) dependence overlaps with the high-
temperature ypc in Fig. 2(b) within 2 to 4 K, using the
coincident thermal slope as a matching criterion; note the
double-logarithmic representation.

The magnetization measurements performed between 2 K
and room temperature while applying magnetic field up to 9 T
are presented in Fig. 3. The strong curvature observed at T =
2K can be described by the usual Brillouin function By (x),
with x = B/T and effective J = 1/2.
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FIG. 3. Magnetization measurements versus field up to 9 T per-
formed between 2 K and room temperature.
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FIG. 4. Logarithmic temperature dependence of the electrical
resistivity within four decades of temperature at B =0 and 6 T,
measured in different cryostats. The dashed vertical line indicates
the data matched at 7 = 4 K using a ratio of 1.8 in the form factor
(see the text). The straight purple line remarks the logarithmic T
dependence in the range 2 < T < 10K. The p(T < 4,B =2T)K
data are included to show the T°  variation with field.

max

C. Electrical resistivity and magnetoresistance

The temperature dependence of the electrical resistivity
o(T) of YbCuyNi is presented in Fig. 4 within four decades of
temperature at zero and B = 6 T, taking the high-temperature
data from [17]. Since these results were obtained in different
cryostats and from different pieces of the polycrystalline
sample, a ratio of 1.8 between respective form factors is
observed (compare the left low-temperature axis with the
right high-temperature axis in Fig. 4). Such a difference is
attributed to a different electrical connectivity between grains
within the sample. Between room temperature and 7 ~ 60 K,
p(T) decreases mostly due to the decreasing phonon contri-
bution. Then, below T ~ 10K, p(T") shows a typical p(T)
—In(T/Ty) Kondo increase for the B = 0 data.

After undergoing a broad maximum, centered at 75, ~
350 mK in the B = 0 data, pg|r—¢ flattens. Magnetic field
induces negative magnetoresistance at low temperature, while
T?r . is shifted to higher temperature. Low-temperature o(T <
4 K) data, measured with B = 2T, are included to confirm
this field-dependent tendency, which seems to be proportional
to B.

D. Magnetic contribution to the specific heat

Figure 5 shows the high-temperature dependence of the
YbCuyNi specific heat. Since measured specific heat is usu-
ally dominated by electron band (C,), phonon (Cp;), and
magnetic (C,,) contributions, Cp = C¢ + Cpj, + Cyyy. In order
to subtract the nonmagnetic components, Co; + Cpp, = y T +
BT3, we have investigated also the LuCuyNi isotype. Its
specific heat was also measured within 0.4 < 7' < 300K and
is included in Fig. 5. Both compounds are close to reaching
the expected Dulong-Petit values at high temperature. At low
temperature, the extracted electron Sommerfeld coefficient
for LuCuyNi is y(Lu) = 9.5 mJ/mol K2, a typical value for
nonmagnetic lanthanide compounds. Its Debye temperature
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FIG. 5. Specific heat temperature dependencies up to room tem-
perature of YbCusNi and LuCu,Ni. Inset: high-temperature mag-
netic contribution and a fit accounting for the CEF levels and GS
contributions.

0p = 325K, was computed from the 8 &~ 0.5 mJ/mol K* co-
efficient.

At the low-temperature limit (i.e., 7 < 0.2K), the spe-
cific heat measurements of YbCuyNi show a clear increase
attributed to the nuclear contribution C,. Since this in-
crease is found to proceed as C, = A,/T?, in order to
compute its contribution we plot the measured data using a
Cp/T = A,/T?+ C,(T)/ T temperature dependence. From
the fit performed on the studied sample below 7 = 0.22
K we extract A, = 1.35 x 10’3JK/mol and C,,/T|r-o =
7.5J/mol K2, This A, coefficient is very similar to the one
obtained for YbCus_,Au, [1] and the value C,,/T|r—o =
7.5J/mol K? places YbCuyNi in the class of VHF showing
a plateau at T — 0 [4]. No specific heat jump is observed in
C,,(T); rather, there is a well-defined cusp at T Cmx 2 270 mK
(as depicted in Fig. 8 below).

IV. DISCUSSION

A. Crystal electric field effect

In the inset of Fig. 5 one can see that C,(T) starts to
increase around 10 K once the GS contribution is overcome
by that of the excited CEF levels. This Schottky-type anomaly,
centered at ~60 K, is attributed to the Yb excited CEF levels.
In a cubic symmetry, the eightfold (N = 2J + 1 = 8) degen-
erate ground state given by Hund’s rule for a J = 7/2 angular
moment splits into two doublets (I'¢ and I'7) and a quartet (I'g)
according to the calculations of Lea, Leask, and Wolf (LLW)
[18]. In order to extract the level spectrum, we have fitted the
experimental results applying a series of Schottky formulas to
account for the contribution of respective excited CEF levels:

CT—REA"zhA"2 1
cer(T) = z[(?)/ cos (ﬁ)]’ €))

with R being the gas constant and A; being the energy of the
respective levels.

According to the result, the first excited doublet is located
at A; = 90K, while the second corresponds to the quartet I'g
at double the energy: A, ~ 210K. Strictly, the fitting curve
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FIG. 6. Low-temperature dependencies of the specific heat of
YbCuyNi under different magnetic fields, 06 T. Inset: field depen-
dence of the temperature of respective C,,(T) maxima T . The
dashed line shows values computed applying the 7™ oc B formula
for the I'; doublet (see the text), and the solid curve shows the actual
C,.(T, B) observed maxima.

included in the inset of Fig. 5 also contains the actual GS
contribution (see Fig. 6 for more detail) and an improvement
obtained by splitting the I's quartet into two doublets at
A, = 190K and AJ = 230K. This further splitting mimics
an eventual level broadening evaluated around 30 K. This
value is in agreement with the observed 9p = —19 K obtained
through an extrapolation from 7" > 70 K, where the I'g quartet
becomes dominant and a Kondo screening effect may be
detected. We remark that specific heat results allow us to
identify the I's quartet as the most excited level because of
its larger degeneracy. Although for a more precise determi-
nation of the respective CEF level energies complementary
inelastic neutron scattering measurements are recommended,
we remark that the relevant information is that the energy of
the first excited CEF doublet is large enough to guarantee the
treatment of the ground state as an isolated doublet.

Interestingly, the CEF level distribution in YbCusNi has
some similarity to that of the isotypic YbCus_, Au,; basically,
because I'g is the upper level [1], the energy distribution of
the levels is quite different. This feature can be attributed
to the different electronic characters between the electronlike
Au and the holelike Ni ligands that present a point charge of
opposite sign among them that clearly modifies the Coulomb
potential, although without affecting the local structural
symmetry.

B. About the doublet ground state

The same reason that allows us to identify the I'g quartet
as the most excited level, i.e., its larger degeneracy, impedes
us from distinguishing between doublets I'¢c and I'; as the
ground and first excited levels. An analysis based on relative
degeneracies and levels splitting [19] applied to the LLW
tabulations for J = 7/2 [18] gives two equivalent possibilities
for the LLW parameter: z = 0.5 for a I'; GS and z = —0.3
for the corresponding I'¢ GS. However, according to pre-
vious calculations of the effective moment for those differ-
ent pseudospin-1/2 doublets [20] pes(I'7) = 2.96up nearly
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FIG. 7. The temperature dependence of the magnetic entropy of
YbCuyNi in a logarithmic temperature scale. The inset shows the
entropy gain with different applied fields, in linear temperature scale.

coincides with the experimentally observed value rather than
e (C'e) = 2.31up. This result can be checked by comput-
ing the expected saturation magnetization: Mgy = gegr Jert LB -
For ge('7) =3.43 and Jer = 1/2 (for the doublet GS),
we get My, (I'7) = 1.72p, which can be expected from the
M (B) curve at T = 2K included in Fig. 3(a) with respect to
M (T's) = 133/“3

C. Magnetic field effect

The effect of applied magnetic field on the temperature
dependence of specific heat sheds further light on the GS
nature through the Zeeman splitting dependence on ges. The
field dependence in YbCuyNi is presented in Fig. 6 within the
0.4 < T < 8K range and fields up to 6 T. The Cp(T, B = 0)
maximum 7% &~ 270 mK, shifts to higher temperature in
proportion to the field intensity, as shown in the inset of Fig. 6.
Despite the fact that Cp(T, B = 0) is closer to a Kondo-like
anomaly than to a Schottky one (see Fig. 9 below), it is
expected that the spin-up and spin-down components split by
magnetic field tend to a Schottky anomaly at high enough
field, i.e., wB > kgT [21]. From this criterion, based on the
Zeeman splitting of the GS levels, we can confirm its I'; GS
nature by applying the TCm = 0.42g.B(1up/kp) relation
[22] to obtain the dashed line in the inset of Fig. 6, taking
gert(I'7) = 3.43. Similar magnetic field effects on C,,(T, B)
are also in the cubic Ybg4Sng7¢Ru [20] ternary compound,
where short-range magnetic order was claimed to explain
the C,,(T) anomaly centered at TS ~ 0.9K. In the case
of YbCuyNi the pure Zeeman regime is reached once the
magnetic energy uB overcomes the GS condensation energy
characterized by kpT* (the meaning of the T* temperature
will be discussed in Sec. IV D). Above that threshold the
C,,(T) anomaly tends to the Schottky type.

D. Entropy

The magnetic entropy gain S,, of YbCuyNi along the full
range of temperature is displayed in Fig. 7 in a logarithmic
temperature scale. It is computed from the magnetic contribu-
tion to the specific heat as S,, = f (C,/T)dT.
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FIG. 8. Comparison between measured C,(7)/T and fitted
Ci/T|7-7+ (solid curve) dependencies referred to the left axis in
double-logarithmic representation. On the right axis (linear scale),
the temperature dependencies of respective entropies are referred,
showing how Si — 0 at T > 0. The value of S (7T — 00) = RlIn2
is taken as the reference for the doublet GS. CEF indicates the onset
of the excited crystal field level contribution above about 3 K.

At room temperature, the entropy slightly exceeds the
expected value for the eightfold-degenerate J = 7/2 Hund’s
rule GS of YB*t, S,, = RIn8 = 17.28 J/mol K. This excess
of entropy is probably due to an underevaluation of the
phonon contribution at high temperature. The flattening of
S, (T) around 10 K observed in Fig. 7 corresponds to S,, =
R1n 2, indicating that the doublet GS is well separated from
the first excited CEF level at A| = 85K.

At low temperature, the change in curvature observed
below T ~ 300 mK can be analyzed accounting for the con-
straints imposed on the entropy by the Nernst postulate (third
law of thermodynamics) [23]. For such a purpose we com-
pare in Fig. 8 the temperature dependence of the specific
heat with the entropy. In the double-logarithmic represen-
tation of the latter we may appreciate that C,,(T > T*)/T
increases obeying a power-law dependence oc1.25/(T '+ +
0.04)J/mol K? which, below T* = 210 mK, transforms into a
plateau with C,,/ T |7—¢ ~ 7.5J/mol K2. The power-law de-
pendence, plateau, and 7* values are similar to those reported
for YbCu4,3Au0_7 [1]

The area marked as S, in Fig. 8 represents the entropy
computed from the measured specific heat that corresponds
to the actual entropy released by the system upon cooling,
whereas the area indicated as Sgj; is extracted from Sg =
[(Cut/T)dT, where Cg/T = 25/(T'* + 0.04)J /mol K? is
the fitted power-law dependence above 7' = T*. As a mathe-
matical function, Cg,/ T keeps growing below T, as depicted
in Fig. 8, and therefore, the associated entropy exceeds the
physical limit of “RIn2” for a doublet GS. The S,, and
Si¢ entropy trajectories are compared (right axis). Since the
maximum entropy for a doublet GS is R In 2, the Sg, trajectory
(solid curve) is drawn in Fig. 8 taking that value as the high-
temperature limit. As expected, Sg and S, coincide within
the fitting range (i.e., above T*), with S, (T) for T > 10K
being due to the onset of the excited CEF level contribution.
On the low-temperature side, both entropy trajectories also
split but due to different reasons. Since the physical system
obeys the Nernst postulate: S|r_.o = 0, S,,(T) is constrained
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FIG. 9. (a) Low-temperature thermal dependence of the mag-
netic contribution to the specific heat C,,(T). The solid curve shows
theoretic prediction for a Kondo S = 1/2 impurity [25]. The dashed
curve shows the Schottky anomaly divided by a factor 2, and the
dash-dotted line shows an exemplary spin-glass system [22]. (b)
Comparison between the x”(7T) jump (left axis) and that of the
C,,(T) derivative 0C,, /0T (right axis).

to change its trajectory and to point to S, = 0 at 7 = 0. Oth-
erwise it would become zero as S, does at finite temperature
(*100mK in this case). Since that change of trajectory is
compelled by thermodynamic principles, T* characterizes the
temperature at which this sort of ‘entropy bottleneck’ occurs
[24].

E. Ground-state properties

Apart from the discussion about the type of doublet CEF
GS (I'; or Tg) the C,(T) anomaly centered at T Cmox 2
270 mK poses a question about the nature of the GS below
that maximum. In Fig. 9(a) the measured C,,(T) dependence
around the maximum is compared with some specific heat
anomalies frequently observed in intermetallic systems [22].
One of them corresponds to a pure Schottky anomaly for a
1/2 pseudospin, which can be ruled out because it is much
sharper than the measured C,,(T) [notice that in Fig. 9(a) the
included curve is half of the computed Schottky function].
Another possibility is given by a spin-glass behavior, which
also results in a sharper curve above the maximum, whereas it
nearly coincides below the maximum. Nevertheless, random
short-range magnetic correlations related to the frustrated
character of this system cannot be excluded, although to
detect and evaluate the role of these microscopic mechanisms
spectroscopic techniques such as low-7" neutron diffraction
and uSR are required.

The third comparison refers to the Kondo effect for a spin-
1/2 Kondo impurity [25] with Tx = 0.84 K, which shows a
similar T dependence below the maximum and only ~15%
difference from the observed C,,(T) maximum. We should
note that all these mechanisms coincide, showing a C,,,(T")
1/T? dependence at high temperature that differs from the
power law extracted from the fit presented in Fig. 8.

From this comparison we infer that the thermal dependence
of the specific heat of YbCusNi is not properly described
by any of these well-identified anomalies. Nevertheless, its
similarity to the Kondo-type behavior at 7 < T¢w and T >
T “m= suggests the presence of some type of local fluctuations.
In a more detailed analysis of the observed GS properties we
see that there is a continuous formation of a sort of coherent
behavior in p(T) around T = T*, as can be appreciated in
Fig. 4 together with the absence of a jump in C,,,(T*). These
two features may suggest a Fermi-liquid (FL) character of the
GS; however, the cusp of x'(T) around that temperature and
the clear step of x”(T) [see the inset in Fig. 2(b)] disagree
with the continuous Kondo condensation that characterizes a
FL GS state formation.

The mentioned behavior of x'(T) and x”(T) around T*
announces a change of regime at that temperature, which does
not correspond to a second-order phase transition because no
C,u(T) jump is observed. Although a maximum in dc x(T')
susceptibility is usually attributed to an antiferromagnetic
transition, in an ac x'(7) measurement a decreasing signal
may also be due to an increasing decoupling between the ac
field excitation and the magnetic moments’ dynamic response.
This feature is correlated with energy dissipation below the
x'(T) maximum which is actually observed in the x”(T <
T*) signal as a steplike thermal dependence [see Fig. 9(b)].
To gain insight into this unusual scenario we have investigated
further derivatives of the free energy G and found that the
dC,,/0T discontinuity at T* gently coincides with that of
x"(T), as can be appreciated in Fig. 9(b). This fact indicates
that the system undergoes a change between G (T') minima but
in a continuous way.

In magnetically frustrated systems it was proposed [24]
that the free energy shows a peculiar behavior because the
entropy trajectory is compelled to change at 7", obeying
the Nernst postulate, as was discussed in Sec. IV D. In this
context, the G(7') minimum of the paramagnetic phase blurs
out due to the entropy bottleneck produced by the divergent
power-law growth of the density of excitations. Thus, the
G(T > T*) minimum is not feasible anymore for 7 — 0, and
consequently, the system slides along the free-energy surface
into any other accessible minimum. In the case of the com-
pounds identified by the plateau-type behavior, T < T* G(T)
minimum is characterized by a constant density of excitations,
notably with a coincident C,,/T|7_o = 7.5 4 0.5J/mol K?
value. Whether these excitations have a continuous energy
spectrum like in a Fermi liquid or one that is a sort of liquid
of spin excitations has to be determined by spectroscopic
techniques.

V. SUMMARY

Based on the parent compound YbCus, we have replaced
one Cu atom with Ni to obtain the stoichiometric and
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atomically well ordered compound YbCuyNi with a lattice
parameter a = 6.9429 A in its cubic structure. At high temper-
ature the rare-earth atom exhibits localized 4 f electron nature
with an effective magnetic moment close to Yb** according
to the Hund’s eightfold GS. The CEF splits the J =7/2
multiplet into well-defined doublets as the GS and first ex-
cited state, while the expected quadruplet exhibits a moderate
broadening.

At low temperature, the Yb lattice shows clear signs of
magnetic frustration, which is expected from its pyrochlore-
type structure, which fulfils the conditions for a 3D geomet-
rical frustration, providing the optimal requirements for this
type of study in a stoichiometric compound. This scenario
is reflected in a power-law increase of the specific heat with
decreasing temperature. This diverging tendency is limited
by the Nernst postulate that compels a change of regime,
at a characteristic temperature 7* &~ 200 mK, which in this
case corresponds to a plateau with a very high density of
states: C,,/T |70 = 7.5J/mol K. Simultaneously, electri-
cal resistivity undergoes a broad maximum around 300 mK

before flattening as 77 — 0. Although both features point to
the formation of a Fermi liquid, in this compound the GS
does not form in a continuous way, as demonstrated by the
discontinuity in the C,,(T) slope and confirmed by a step in
the dissipative component of the ac susceptibility at 7 ~ T*.

Since this type of phenomenology is also observed in
a number of Yb intermetallics showing a similar change
of regime at T*, with a coincident plateau value (see
YbCus_,Au, [1], PrlnAg, [7], YbCo0yZny [11], and YbBiPt
[12]), it suggests that around 7* there is a common underly-
ing physics that was discussed in detail in the present work in
order to help eventual future theoretic approaches.
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