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Magnetic susceptibility of the intermediate-valence CeNi compound was measured under external pres-
sure of 0.8, 1.05 and 1.25 GPa. The results obtained extend the pressure–temperature phase diagram of
CeNi up to P = 2 GPa and T = 300 K. It is shown that the pressure-induced phase of CeNi has a tetragonal
symmetry. Specific heat measurements for the Ce1 � xLaxNi–CeNi–Ce1 � xLuxNi series demonstrate signif-
icant increase of the f-electron hybridization due to chemical pressure.
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1. Introduction

Plutonium and cerium are distinguished among the other ele-
ments of the periodic table because of their anomalous physical
properties including unusual structural phase transitions accom-
panied by the f-electron collapse and volume discontinuity. The
nature of these transitions is not understood completely, however
similar character of the 4f and 5f electrons encourages joint study
of phase transition mechanisms in Pu, Ce and their compounds.
Low temperature bulk properties and a degree of the f-electron
shell delocalization of the intermediate-valence compound CeNi
remind the properties of metallic plutonium [1]. Moreover, CeNi
undergoes a pressure-induced first-order volume-collapse phase
transition [2]. Thus, CeNi is an attractive model system to study
the mechanisms of phase transformations resulting from the
f-electron instability and strong electron correlations [3].

In the present paper we present the extended pressure–temper-
ature phase diagram of CeNi and the results of specific heat study
of chemical pressure effects in the CeNi system.

2. Results and discussion

2.1. Pressure–temperature phase diagram of CeNi

CeNi has the CrB-type orthorhombic crystal structure (space
group Cmcm) with the room-temperature lattice parameters
a = 3.786 Å, b = 10.548 Å, c = 4.363 Å. Although at ambient pressure
CeNi displays clear signatures of lattice instability upon cooling
[4,5], structural transformations do not occur down to the lowest
temperature. In 1985 Gignoux and Voiron demonstrated the exis-
ll rights reserved.

ein).
tence of a pressure-induced volume-collapse first-order phase
transition in CeNi and determined its phase P–T diagram up to
0.5 GPa and 150 K [2]. Recently, the room-temperature first-order
transition was observed at P � 2 GPa by neutron diffraction tech-
nique [3]. To fill in the pressure gap 0.5 < P < 2 GPa and to bridge
the neutron diffraction results to the earlier established P–T phase
diagram of CeNi we measured the temperature dependence of the
CeNi magnetic susceptibility under quasi-hydrostatic pressure up
to 1.25 GPa. Sample preparation and characterization are described
in [3]. The cast polycrystalline sample (mass � 40 mg) was placed
in a Cu-Be clamp-type pressure-cell and fluorinert was used as the
pressure transmitted medium. Magnetic susceptibility was mea-
sured with Quantum Design Physical Properties Measurement Sys-
tem (QD PPMS) by the DC technique in a magnetic field of 3 T. At
low temperatures �7 K the pressure was calibrated from the pres-
sure dependence of the superconducting transition temperature of
Pb (DC measurements at a field of 20 Oe). We obtained a linear
relation between pressure at �7 K (P7 K) and pressure P300 K ap-
plied at room temperature. The temperature dependences of mag-
netic susceptibility of CeNi at applied pressure P300 K = 0.8, 1.05 and
1.25 GPa exhibit a significant thermal hysteresis associated with
the first-order structural phase transition (Fig. 1). The hysterisis
is very large as compared with the 25–30 K temperature hysteresis
observed for the CeNi single crystal [2]. The broadening may be
connected with polycrystalline character of our sample and also
with continuous pressure variation in the pressure cell with tem-
perature. The latter results from the high thermal expansion coef-
ficient of CeNi and the strong volume change (of the order of a few
percent) due to the phase transition itself. The transition tempera-
ture Ttr can be determined as a temperature of the maximum of the
difference curve Dv(T) = vcooling(T) � vheating(T) (the inset in Fig. 1).
The transition pressure Ptr can be estimated by the linear interpo-
lation between P7 K and P300 K to Ttr. Fig. 2 shows that (Ptr, Ttr)
points obtained by this procedure correspond to the empirical

mailto:mirmelstein@mail.ru
http://www.sciencedirect.com/science/journal/00223115
http://www.elsevier.com/locate/jnucmat


0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

0.004

0.0045

0 50 100 150 200 250 300

T (K)

χ 
(e

m
u

/m
o

le
)

ambient pressure

0

0.0001

0.0002

0.0003

0.0004

0.0005

0 100 200 300

T (K)

Δχ
, 

e
m

u
/m

o
le

0.8 GPa

1.05 GPa

1.25 GPa
0.8 GPa

0.8 GPa

1.05 GPa

1.05 GPa

1.25 GPa

1.25 GPa

Fig. 1. The temperature dependence of magnetic susceptibility of CeNi measured at ambient pressure and under applied pressure P300 K = 0.8, 1.05, and 1.25 GPa. Arrows
indicates the temperature direction. The inset shows the difference Dv(T) = vcooling(T) � vheating(T) curves vs. temperature.
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Fig. 2. P–T diagram of ambient-pressure orthorhombic and pressure-induced
tetragonal phases in CeNi.
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Fig. 3. The neutron diffraction pattern of CeNi at P = 5 GPa and T = 300 K (points)
[3]. Solid line shows the calculated pattern assuming tetragonal crystal lattice
symmetry with the lattice parameters a = 3.748 Å, c = 5.796 Å (upper panel) and
a = 3.748 Å, c = 2 � 5.796 = 11.592 Å (lower panel). hkl Miller indexes are indicated
for the most intensive reflections.
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Ttr � Ptr
1/2 dependence established by Gignoux and Voiron [2]. The

room-temperature point (300 K, �2 GPa) deduced from the neu-
tron diffraction data seems also to belong to the same phase border
line. In this case this line turns out to be the only phase transition
line at P < 2 GPa and T < 300 K.

In the previous paper [3] we suggested the symmetry of the
pressure-induced phase to be higher than that of the orthorhombic
ambient-pressure CeNi structure. In fact, the diffraction pattern of
CeNi at 5 GPa correspondent to the pure high-pressure phase [3]
can be described in terms of the tetragonal symmetry with the
crystal lattice parameters a = 3.748 Å and c = 5.796 Å (Fig. 3, upper
panel). However, it is not excluded that slightly better description
is achieved by doubling the c parameter, i.e. with a = 3.748 Å and
c = 2 � 5.796 = 11.592 Å (Fig. 3, lower panel). While the high-pres-
sure phase space group is not determined yet, the deduced values
of the lattice parameters allow to estimate the volume jump DV/V
due to the room-temperature pressure-induced transition, DV/
V = [V300 K(P = 0) � V300 K(5 GPa] / V300 K(P = 0) = 6.5%.
2.2. Specific heat study of chemical pressure effects in CeNi

In order to study the chemical pressure effects on the properties
of the intermediate-valence CeNi specific heat of Ce1 � xLaxNi
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Fig. 4. Sommerfeld coefficient c = Cmag(T)/TT ? 0 as a function of the inverse Kondo
temperature TK for Ce1 � xLaxNi (x = 0.4, 0.2, 0.1), CeNi and Ce1 � xLuxNi (x = 0.05, 0.1,
0.2, 0.4) derived from the specific heat measurements. TK is determined as
described in the text and the solid line represents the slope calculated with Eq.
(1) (see text for details).
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(x = 0.4, 0.2, 0.1), CeNi, Ce1�xLuxNi (x = 0.05, 0.1, 0.2, 0.4) series was
measured in the temperature range 2 < T < 300 K by the relaxation
technique using QD PPMS. The magnetic contribution Cmag(T) to
the specific heat was determined by subtracting the LaNi specific
heat from the C(T) curves of the samples. The results obtained
show an upward shift of the temperature of the maximum Tmax

of Cmag(T) curves and a decrease of the Sommerfeld coefficient
c = Cmag(T)/TT ? 0 under increase of the chemical pressure induced
by the Ce substitutions for La and the Lu substitutions for Ce. The-
oretical approaches predict the Sommerfeld coefficient in the Kon-
do-systems to be proportional to the fractional f-orbital occupation
hnf i and inversely proportional to the Kondo temperature TK (here
TK = E0/kB, where E0 is the characteristic energy scale) [6,7]:

c ¼ Cel=TT!0 ¼ NAp2k2
Bhnf i

1
3kBTK

N � 1
N

; ð1Þ

where NA is the Avogadro number, kB is the Boltzmann constant, N
is the f-shell effective magnetic degeneracy (for Ce3+ J = 5/2 and
N = 6), and the Kondo temperature TK correlates with Tmax, namely,
Tmax/TK � 0.35 [6]. Fig. 4 shows that at least for the Ce1 � x,LuxNi ser-
ies (excluding Ce0.95Lu0.05Ni) c varies proportionally to 1/TK, in
agreement with Eq. (1). For a comparison Fig. 4 shows the theoret-
ical slope of c vs. 1/TK dependence, which is calculated for CeNi with
Eq. (1), assuming hnf i ¼ 0:85 (corresponding to the effective Ce va-
lence 3.15 [4]), the magnetic degeneracy N = 6, and TK � Tmax/
0.35 = 298 K, where Tmax = 106 K is the temperature of the maxi-
mum of the CeNi Cmag(T) curve. Note, that this value of TK is in fairly
good agreement with the characteristic energy scale E0 = 25.7 meV
(=298 K) for CeNi derived from the inelastic neutron scattering
experiments [8]. Thus, according to our data, the chemical compres-
sion of CeNi increases the f-electron hybridization, as follows from
increase of TK. It is worth mentioned that the magnetic degeneracy
of the f-states should be taken into account for a correct calculation
of the Sommerfeld coefficient for valence-fluctuating systems [6,7].

3. Conclusion

The pressure–temperature phase diagram of CeNi is extended
up to P = 2 GPa and T = 300 K. It is shown that only two CeNi phases
exist within this P–T domain (P 6 2 GPa, T 6 300 K), namely, the
ambient-pressure orthorhombic CrB-type structure and the high-
pressure phase of the tetragonal symmetry. The volume jump at
the room-temperature structural transition is estimated to be
6.5%. The specific heat measurements revealed no signature of
ambient-pressure phase transitions in the chemically compressed
Ce1 � xLuxNi compositions. Analysis of the specific heat curves for
the Ce1 � xLaxNi–CeNi–Ce1 � xLuxNi series shows the chemical pres-
sure-induced increase of the Kondo temperature and the corre-
spondent decrease of the Sommerfeld coefficient.
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