acta phys. slov. 39 (1989), No. 4

MAGNETIZATION BEHAVIOUR OF THE Tb(Cu,,Niy;),
SINGLE CRYSTAL"

MNOBEAEHUE MATHETHU3ALIIM [TPOCTOT'O KPHCTAJLIA Tb(Cuy4Nig 3),

DIVIS, M..2 SMETANA, Z..2 SVOBODA, P.,» ZAJAC, §.,” Prague

Tb(Cu,,Nip ), belongs to the heavy RE(Cu,_,, Ni,), (x < 0.3) series of intermetallic com-
pounds which all crystallize in the CeCu, orthorhombic crystailographic structure with the space
group Imma (D2 [1]. This compound exhibits the ferromagnetic ordering with the Curie tem-
perature T, =~ 85K [1, 2]. The neutron diffraction experiments confirmed this magnetic structure and
showed that only the Tb ion had a magnetic moment orientated in an & — ¢ plane without any
contribution from the Ni ions [3]. The measurements of single crystal magnetization in low [2} and
high [4] magnetic fields yielded strong anisotropy along the principal crystallographic axes. The field
dependence of magnetization in the b direction increases linearly up to 18 T, where there appears
a sudden jump and the magnetization reaches its saturated value (see Fig. 1). This interesting
behaviour was described in terms of the phenomenological magnetocrystalline anisotropy {4]. Our
work aims at explaining these facts from the nature of the crystal electric field (CEF) in this
compound. We can show that the crossing of the lowest energy levels of Tb in the magnetic field
leads to the step-like appearance of the low temperature magnetization curves in the b direction.

We have added a Zeeman term describing the interaction of the Tb magnetic moment with the
external magnetic field H and the exchange field H,, = AM in the molecular field approximation to
the full Hamiltonian, which can be written in the form:

B = Hegr — gug(Mo+ H)-J, )
where
Hegr = RO + ROHD) + PON) + K OIJ) + ViOIW) +
+ 120XJ) + VEOHI) + VR 0{I) + VEOLD) @)
is the CEF Hamiltonian of the orthorhombic symmetry (¥," are the CEF parameters and QE.@ are
the Stevens equivalent operators), g is the Landé¢ factor (g = 1.5), g is the Bohr magneton and J

is the total angular momentum operator.
The magnetic moment of Tb(Cu, ;Nij 3), has been calculated by means of the statistical formula:

~1
M =Y (m|pggdim) oxilms\fd.AMQuTms:;jv > 3
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where E,, and |m) are the eigenvalues and eigenvectors of the Hamiltonian (1), respectively,
determined by a selfconsistent process. E, and |m) are in general strongly dependent on the
magnitude and the direction of (H,, + H). First we have calculated the magnetization process in
the b direction at 4.2K (1 = 2.93 T/u,) with two different sets of CEF parameters described in
table 1 as experimental {2] ones and calculated by us. We have found in this case only a slow linear
increase of magnetization with saturation at a high magnetic field (% 30T} without any jump.
Further analysis has indicated the leading role of the parameters ¥’ and ¥;* in the character of the
crossover effect.

For this purpose we have taken the constants VP, ¥2, V2 and V;' as adjustable variables and have
calculated the magnetization process. The other CEF constants in the Hamiltonian (2) have been
neglected. The reason for this neglection is the uncertainty of such a fitting procedure of one
measured property with nine CEF parameters.
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Fig. 1. Magnetization isotherms of the Tb(Cu,Niy;), single crystal along the principal crys-
tallographic axes at T = 4.2 K. The marks represent the experimental data [4], the full lines are fits
according to our model.

The obtained agreement between measured [4] and calculated magnetization curves in alil three
principal crystalline directions a, b and ¢ at 4.2 K can be seen in Fig. 1. The corresponding sets of
CEF parameters are summarized in table 1. The splitting of the energy levels for Tb as a function
of the external field along the b axis (Fig. 2) shows a discontinuous change in H = 18 T if we take
the molecular interaction into account.
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Table 1

Om—u. parameters for .—,EO—.:..QZ{VN‘ The experimental values of the parameters F;', ¥;* have been

obtained in the first approximation from the values of the paramagnetic Curie temperatures [2]. Our

parameters are calculated in the point charge model in the sphere r = 1.4nm with the shielding
factor o = 0.75 for 1, ¥;? and the fitted ones correspond to the experimental data from [4]
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exp.[2] 098 1.59 0 0 0 0 0 0 0
calc. 159 124 43 -32 11 1.9 58 6.9 7.6
fitted 08 0.7 —~80 0 0.9 0 0 0 0
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Fig. 2. The change in s.ﬁ CEF splitting energy levels for the Tb(Cug,Ni, 3), compound as a function
of the axnn.aw_ magnetic field along the b axis using A = 2.93 T/u, obtained from the paramagnetic
Curie temperature @, = 62K according to the equation 1 = 3k, @:\NNR.\Q + 1) [5)
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We can conclude that the analysis of high ficld magnetization measurements on Tb(Cuy,Nig ),
provides the evidence that the crystal electric field Hamiltonian cannot be described sufficiently
within the second order approximation H¢y = 1RO + V20}(J) only. We must take into account
no less than ¥, V2, ¥ and ¥;' parameters to obtain a satisfactory agreement with high field
magnetization measurements. A further improvement of this simple CEF model is now in progress
and will be published elsewhere.
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