UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Specific heat of PrNi5

Kim-Ngan, N.H.; Radwanski, R.J.; Kayzel, F.E.; Franse, J.J.M.

DOI
10.1016/0304-8853(94)01494-9

Publication date
1995

Published in
Journal of Magnetism and Magnetic Materials

Link to publication

Citation for published version (APA):

Kim-Ngan, N. H., Radwanski, R. J., Kayzel, F. E., & Franse, J. J. M. (1995). Specific heat of
PrNi5. Journal of Magnetism and Magnetic Materials, 140-144, 863-864.
https://doi.org/10.1016/0304-8853(94)01494-9

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:11 Mar 2023


https://doi.org/10.1016/0304-8853(94)01494-9
https://dare.uva.nl/personal/pure/en/publications/specific-heat-of-prni5(71058d7a-f9c3-4297-8ff3-d43195d3068d).html
https://doi.org/10.1016/0304-8853(94)01494-9

“

st

ELSEVIER

Journal of Magnetism and Magnetic Materials 140—144 (1995) 863-864

/W lounal of

Mo

Specific heat of PrNi,

N.H. Kim-Ngan *>*  R.J. Radwafiski **, F.E. Kayzel ¢, J.J.M. Franse °

® Center for Solid State Physics, Sw Filip 5, 31-150 Krakéw, Poland
® Inst. Physics & Informatics, Pedagogical University, 30-084 Krakéw, Poland
¢ Van der Waals-Zeeman Laboratorium, Universiteit van Amsterdam, Valckenierstraat 65, 1018 XE Amsterdam, Netherlands

Abstract

Specific-heat measurements have been performed on single-crystalline PrNiy from 1.3 to 250 K, in order to evaluate the
contribution of the Pr subsystem. PrNi; does not order magnetically down to the lowest temperatures as crystalline-electric-
field (CEF) interactions, producing the non-magnetic singlet ground state I, dominate the exchange interactions. Analysis
of the specific heat unambiguously establishes the position of the two lowest excited levels at 33.7 K (I'}) and 45.7 K (I)

which levels cannot be observed in inelastic-neutron-scattering experiments. A set of CEF parameters of the Pr*

* ion in the

f2 configuration has been evaluated that gives the best account for all known experimental results of this compound.

The hexagonal compound PrNiy does not order magnet-
ically down to the lowest temperatures. The absence of
magnetic order between the Pr 4f spins is due to the
non-magnetic singlet ground state I, produced by the
crystalline-electric-fietd (CEF) interactions that dominate
the weak spin-dependent interactions between the Pr ions.
The electronic and magnetic properties of this compound
are quite well explained in terms of CEF parameters [1-3].
The energy level scheme (ELS) obtained by point contact
spectroscopy allowed for a further refinement of the CEF
parameters [4]. However, despite of the long-lasting analy-
sis of the properties of this compound, the ELS is still not
fully established. Recent inelastic-neutron-scattering (INS)
experiments on a single crystalline sample [5] largely
enlightened the overall structure of ELS of the Pr** ion,
but the positions of two lowest excited states were not yet
clear since these excitations are forbidden.

In this paper, we present results of specific-heat mea-
surements on single crystalline PrNis. Analysis of the
specific heat unambiguously establishes the position of the
two lowest excited levels.

The specific heat of PrNi; has been measured from 1.3
to 250 K. Two small pieces of a single crystalline batch,
grown at the Material Centre ALMOS (University of
Amsterdam), have been used. Details of the specific-heat
measurements have been described elsewhere [6].

The specific heat of PrNig is considered to contain
electronic (C,), phonon (C,) and f-subsystem (Cy) con-
tributions. Information about the C; and Cy, contributions
is provided by the specific heat of the Pauli paramagnetic
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LaNi; compound, which results in a value for the Som-
merfeld coefficient y¢ of 36 mJ/K?mol and a Debye
temperature 6, of 322 K [7]. The C; contribution, shown
in Fig. 1, is obtained by direct subtraction of the measured
molar specific heat of PrNig and LaNig, since the correc-
tion for the difference in the molar mass is expected to be
negligible. No anomaly connected with a magnetic phase
transition was found, whereas a pronounced bump centered
at 16-20 K is visible. The entropy involved in the specific
heat C; reaches at 250 K the value of 17.2 J /Kmol, close
to that expected for the (2J + 1)-fold degeneracy of the
ground multiplet of the Pr3* ion (= 18.3 J /Kmol).

The f specific heat is calculated by considering the

following Hamiltonian of the Pr3* ion:

Hy= Y L BrOT +ngiud(—J(I) +5(07). (1)
The first term is the CEF Hamiltonian written for the
lowest multiplet 3H4 given by Hund’s rules with J =4,
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Fig. 1. Temperature variation of the f specific heat, C;, of PrNis
(®). The solid line presents a calculated curve resulting from the
CEF parameters of this work, listed in Table 1; the dotted line
refers to those of Ref. [5].
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Table 1

Various sets of CEF parameters B,", the molecular-field coeffi-
cient n, and the susceptibility of the Ni sublattice yy; for PrNis.
The position of three lowest excited levels (I, I, and Ik,
respectively) are reported. The ground state is I,

[11 [2] [3] [41 [5] Here

B} (K) 582 568 584 58 592 575
B} (mK) 494 443 453 52 464 50
B¢ (mK) 088 065 08 08 091 082
B¢ (mK) 31 361 314 31 302 298
n(Tfu/ug) 28 32 2.1 35 26 35
i (007 %ug /- 37 37 37 - 40
T f.u)

I, K) 229 389 222 382 229 337
I, (K) 394 492 389 490 39 45.7
I, (K 482 479 481 483 477 474

S=1, L =5 and the Landé factor g =4 /5. It contains 4
parameters B’ for the hexagonal symmetry. The second
term represents the exchange interactions between the Pr
ions written in the mean-field approximation. Different
experiments lead to slightly different sets of CEF parame-
ters, as listed in Table 1. They all provide the singlet I, as
the ground state, but give a large discrepancy in the
positions of the first and the second excited states. Analy-
sis of the specific heat at low temperatures leads to the
adjustment of these states. For the best fit, the set of CEF
parameters: BY =5.75 K, B =50 mK, B =0.82 mK,
B¢ =29.8 mK has been used. The calculated contribution
of the Pr** ion to the specific heat of PiNiy is in very
good agreement with the experimental results (see Fig. 1).
The ELS of the Pr®* ion in the f? configuration and the
appropriate eigenfunctions are shown in Fig. 2. The third,
fourth and fifth excited levels are located at 474 K
(doublet-rsl), 150 K (singlet-I";) and 334 K (doublet-I%?),
respectively, in agreement with the observed INS excita-
tions [5]. On the basis of our specific-heat results, the first
(singlet-I'})) and the second (doublet-T;) excited levels
were established to lie at 33.7 and 45.7 K, respectively,

E,?;r)gy — 334K Ty doublet 0.979}+4> + 0.202! F2>
320
- Pr’* in PrNi
300+
150 + 150 K Ty singlet (A2 (|{+3> + |=3>)
E
T 47.4K T' doublet 0.202{£4> — 0.979} ¥2>
20 l 457K T, doublet |+1>
33.7K T, singlet [0>
20
Q — Q T, singlet IV2 (43> — {-3>)

Fig. 2. The energy level scheme of the Pr®* jon in PrNi; and the
appropriate eigen-functions. Arrows show excitations observed in
INS experiments [5].
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Fig. 3. Calculated thermal variation of the reciprocal susceptibili-
ties of PrNig parallel and perpendicular to the c-axis (solid lines).
The experimental data are taken from (2] (@, ©) and [5] (m, O).
Dashed lines show the bare f-ion susceptibility without taking into
account the Ni-contribution yy; of 4-107% T fu./ ug.

whereas in Ref. [5] they were put much lower (22.9 and 39
K, respectively). Note that the I, = I, and I, T}
excitations cannot be observed in INS experiments. The
lower position of these states clearly contradicts the spe-
cific-heat results at low temperatures (see Fig. 1). For
further checking of our CEF parameters, we calculated the
paramagnetic susceptibility y of the Pr subsystem which is
very anisotropic. The exchange enhanced susceptibility has
been determined by taking the value 3.5 T fu. /g for the
molecular-field coefficient n. The temperature dependence
of the reciprocal susceptibility parallel and perpendicular
to the c-axis is shown in Fig. 3. The contribution to the
susceptibility arising from the Ni-sublattice was taken into
account with yn; =4 X 10 3u,/T fu., a value obtained
in LaNis. Note in Fig. 3 that neclecting this small contribu-
tion brings a large discrepancy at high temperatures.

In conclusion, an improved set of CEF parameters has
been evaluated. The ELS of the Pr’* ion has been con-
structed taking into account all known experimental results
of the PrNig compound.
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