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Abstract :

Metal oxynitrides are emerging functional inorganic compounds. Many researches have
been performed to develop new oxynitride phosphor materials to realize white light
emitting diode using their nephelauxetic effect and thermal stability due to their covalent
chemical bond nature [1]. Tantalum oxynitride perovskites are potential lead
free-dielectric materials having large dielectric constants independently on temperature
[2]. Most of them have been prepared by ammonolysis in solid state reaction. Recently
we have been prepared many kinds of new oxynitrides through citrate route [3, 4, 5].
Citric acid was added as geling agent to mixed metal nitrate aqueous solution. Its
prefired amorphous oxide mixtures were nitrided in ammonia flow.

New oxynitride superconductor was found out in Nb-Al quarternary system [6, 7].
Single phase product was obtained at Nb/Al = 1 starting composition in the as-nitrided
product. It crystallized in rock-salt type crystal structure but its crystallinity was not so
well. It showed a superconductivity with Tc = 10 K and its volume fraction was
several %. Various kinds of its post annealing were studied to improve the crystallinity.
a-Al,O3 impurity appeared in the annealing.

The annealed product at 1500°C for 3 hrs in 0.5 MPa N, showed a relatively good
crystallinity contaminated with a small amount of a-Al,O3; impurity even at Nb/Al = 3
starting ~ composition. Its  neutron diffraction data was analyzed as
(Nbo.goAlo.11)(O0.16No 34) by Rietveld refinement in Fy,3, with a = 0.4403 nm as shown in
Fig. 1. The annealed product prepared with its adjusted starting composition showed a
superconductivity with Tc = 17 K and its volume fraction of 91% as depicted in Fig. 2.

Volume fraction was increased to 23% even in the as-nitrided product
(Nbg.s0Alp.0s[1032)(0021No.79) prepared by adjusting the starting composition. The
amounts of oxygen and nitrogen in the annealed product was comparable to those of
aluminum and niobium, respectively. The aluminum content may suggest that an (A10)"
unit substitutes one eighth of NbN units in the host crystal lattice forming a 2X2X2
superlattice. The codoping of aluminum and oxygen leads to the highest Tc values

among the known NbN related superconductors.
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Fig. 1 Rietveld refinement of the ND pattern Temperature / K
for the post-annealed (Nbg75Alp25)(O,N)

product. The secondary phases, o-AlL,O; Fig. 2 Temperature dependence of

(hexagonal  R-3c), NbO, (tetragonal
P4;/mnm), and Als(BO3)Og (orthorhombic
Cmc2;), were also included in the refinement.

magnetic susceptibility () for the (a)
as-nitrided and (b) post-annealed
Nbyo.goAlp 11 oxynitrides.

The Ry, and S values were 4.88% and 1.33,
respectively.

References

[1] F. Tessier, P. Maillard, F. Cheviré, K. Domen, S. Kikkawa, J. Cer. Soc. Jpn., 117(1),
1-5 (2009).

[2] Y. -I. Kim, P. M. Woodward, K. Z. Baba-Kishi, and C. W. Tai, Chem. Mater., 16,
1267 (2004).

[3] A. Miyaake, Y. Masubuchi, T. Takeda, T. Motohashi and S. Kikkawa, Dalton
Transactions, 39, 6106-6111 (2010).

[4] S. Kikkawa, N Hatta and T. Takeda, J. Amer. Ceramic Soc., 91(3), 924-928 (2008).
[5] S. Kikkawa, K. Nagasaka, T. Takeda, M. Bailey, T. Sakurai and Y. Miyamoto, J.
Solid State Chem., 180, 1984-1989 (2007).

[6] S. Yamamoto, Y. Ohashi, Y. Masubuchi, T. Takeda, T. Motohashi and S. Kikkawa, J.
Alloys and Compd., 482, 160-163 (2009).

[7] Y. Ohashi, T. Motohashi, Y. Masubuchi and S. Kikkawa, J. Solid State Chem., 183,
1710-1714 (2010).




