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THE INFLUENCE OF THE CRYSTAL
FIELD ON THE PARAMAGNETIC
SUSCEPTIBILITY OF PrCu,’

BIMAHKE BHYTPHKPHCTAIIMYECKOTO NOASA
HA HAPAMATHHTHYH BOCHIPHMMEYHOCTD PrCe,

$.ZAJAC*, Prague

The energy levels and the eigenfunctions resulting from the splitting of the *H, ground term of Pr**
ions in the orthorhombic crystal field of PrCu, have been determined. Using these quantities the
paramagnetic susceptibility of PrCu, has been calculated. A significant deviation from the Curie-Weiss
law in the temperature dependence of paramagnetic susceptibility below 200 K has been found.

Previous investigations on the series of the rare-earth copper compounds with the orthorhombic
PrCu, structure [1—3] have shown large magnetic anisotropy of these materials which is still present in

the paramagnetic temperature range. Hashimoto et al. [3] have introduced a description of the Crystal
field in these compounds as the basis for the explanation of the observed anisotropy of their
paramagnetic Curie temperatures. The aim of our work has been to calculate the influence of the crystal
field in these compounds on their paramagnetic susceptibility for which the deviations from the
Curie-Weiss law have been found experimentally.

We have approximated the crystal field Hamiltonian by two main terms

H.=VIGR-JU+ 1)+ Vit (2 40), M

where V3 and V; are the crystal field parameters and J is the total angular momentum of the rare earth
ion in the RCu, compound. We have uonno.::na calculations for the compound PrCu, for which the
Pparamagnetic phase is observed only and its crystal field parameters were determined by the following
values {3]: V3 = 5.9%107'"Jjion, VZ = 4.1x10~* J/ion. Choosing the matrix elements of the
considered crystal field Hamiltonian according to [4] we have made numerical diagonalization of the
crystal field matrix. The ground term of the Pr** ion is °H.. In the given crystal field the ninefold
aomosnnmﬁa °H, term splits into nine singlets. The computed energy levels and the corresponding
eigenvectors of the crystal field states are given in Table 1.
The paramagnetic susceptibility per ion has been calculated from the Van Vleck formula

x(T)= %:AM n-m,\:v-_ AM _Em,_u e T2 M MIE;:W_N n-m,iv : @)
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Tabie 1
Energy levels and eigenvectors of the * « ground term in the orthorhombic crystal field of PrCu,

energy .
(x 1072 ,503 €1EENVECtors
167.51 0.703|4) + c.oqu_wv +o.omo_3 +o.cd_ -2) +0.703| -4)
167.39 chu_tlo.oq:Nv+o.o.\:|Nv+c.qcu_|A
50.91 -0.678/3 —0.200{1) —0.200]- 1) —0.678{-3)
46.93 - o.aciuv IO.SO_C + o.ﬂwo_ -1)+ 0.697| — 3)
—19.14 lo‘oqw_ﬁ +0.615)2) +0.484[0) +0.615| -2) -0.072| -4 J
—49.39 c,oﬁ_avlo.wou_lwv+o..~ou*l~vlo.oq:la, !
—68.91 ~0.200{3 + 0.678/1) +0.678/-1) - 0.200] - 3)
-146.93 —0.120(3) +0.697|1) - 0.697| - 1) +0.120} - 3)
—148.36 o.cw»_bv —-0.34] _Nv +0.875/1 - o.ma: -2)+ o‘cmi -4

Here g is the Landé factor, u, is the Bohr magneton and &k and T denote the Boltzmann constant and
temperature, respectively. The matrix elements M,,. are defined as M...=(n/l/n'), where J. is the
component of the total angular momentum in the i-direction of the applied magnetic field and n)
denote the different crystal field eigenstates with energies E,.

The calculated temperature dependence of the inverse susceptibility along the principal crystalline
b — axis x, (T) for PrCu, is given in Fig. 1. It has been found that the deviation from the linear
behaviour of X5 (T) for PrCu, begins below 200 K and is most remarkable below 100 K. For
quantitative comparison it would be necessary to measure the paramagnetic susceptibility of PrCu, in
the fufl temperature range mentioned above.
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