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INTRODUCTION

Rare earth oxynitrides with the formula Eu1x Nd x 01 -x N x and a NaCl-type structure have been prepared (1). Generally Nd exists in the trivalent state whereas Eu can be found in both the divalent and the trivalent states, with quite different magnetic behaviors. Eu 2+ with 4f 7 configuration has a 8 s 7 / 2 ground state and its suscepti bility follows a Curie-Weiss law. Eu 3+ with 4f 6 configuration has a 7 F0 ground state and shows a Van Vleck_.type susceptibility, temperature-independent below 100 K. Since these two types of sus ceptibility are quite different (magnitude and thermal variation), the valence state of europium can be monitored by susceptibility measurements.

The present paper reports the experimental results. and their discussion concerning the lattice parameters, and the electrical and magnetic measurements in the Eu 1 _ x Nd x O l-x N x system for O ( x < 1.

EXPERIMENTAL RESULTS

Lattice Parameter

The lattice parameter (a) has been measured by x-ray powder techniques at 300 K and its variation as a function of xi s given in Fig. 1. As x increases, (a) slowly decreases from x = 0 to x = 0.26 and then shows a deep minimum at about x = 0.80. Similar mea surements down to 4.2 K indicate no symme�ry change except for the band which derives from the anionic p levels is separated by an energy gap from the 5d-6s conduction band. Whereas the Eu 2+ : 4 f 7 levels lie in this gap for the semiconducting phases, the Nd 3+ : 4 f3 levels are located below the top of the valence band. The lower part of the conduction band is mainly of 5d-5d t 2 g character. With rising x the bottom of the conduction band is lowered due to both the increase of the Nd 3+ ion content and the decrease of the lattice parameter, thus giving d�E/dx < O .

The semiconductor-metal transition could be explained by the crossing of the Eu 2+ : 4 f 7 levels with the conduction band, involving a change from the divalent state to the trivalent state of europium. Comparing the experimental molar susceptibility to the calculated one by the expression X m = (l-x-y)X Eu 2+ + YX Eu 2+ + XX Nd 3+, we have determined the Eu 3+ ion content (Table 1). The sharp shrinkage of the unit cell is closely related to the Eu 3+ ion content (r Eu 3+ < r Eu 2+).

The experimental saturation magnetization is consistent with the Nd 3+ magnetic moment antiparallel to those of Eu 2+ . It is worth while to notice that the magnetic moment of Nd 3 + is opposite to its spin momentum: µN d 3+ = [g3/(g3-l]µBS Nd 3+ , ( gJ = 8/11). Therefore the spin-spin interactions are ferromagnetic in the oxynitrides and they can be described by the mechanism involving a virtual electron transfer between nearest neighbors ( 8,9,10).

Eu

2+ (4f

7 5d O ) -Eu 2+ (4 f 7 5d O ) + Eu 3+ ( 4 f 6 5d O ) Eu + (Sf 7 Sd 1 ) E u 2 + (4 f 7 5d O ) -Nd 3+ ( 4 f 3 Sd O ) + Eu 3+ (4 f 6 5 d O ) -Nd 2+ (4f 3 Sd 1 ).
The strength of the ferromagnetic interactions depend mainly on the excitation energy between the 4 f 7 and 5d t 2g states. Thus the Eu 2+ -Eu 2+ and Eu 2+ -Nd 3+ ferromagnetic interactions are the strongest and can explain the increase of Tc with x up to x = 0.22 despite both the lower spin value of Nd 3+ compared to that of Eu 2+ and the increase of the covalency with nitrogen which favor the 180 ° antiferromagnetic couplings via the orbitals of the anions.

The decreases of Tc with rising x in the metallic range (x > 0.22) could be the consequence of the presence of Eu 3+ ions and con duction electrons for which the influence 1s not yet well under stood.

Finally, an elementary analysis taking into account the rela tive �gnitude of the exchange between nearest neighbors (Nd 3 +-Nd 3+ , Eu 2+ -Eu 2+ and Eu 2+ _Nd 3+ ) and the fact that the magnetic moments of Nd 3+ and Eu 2 + are antiparallel, clearly explains the minimum in 8 p = f(x) for negative values of 0 p , in agreement with the experimental data.