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New Family of Ruddlesden-Popper Strontium Niobium Oxynitrides: (SrO)(SrNbO ,_,N), (h =1, 2)
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New superconducting compounds containing transition metals 03
other than copper have been a constant goal for chemists since
the discovery of superconductivity in cuprate®ne of the most
explored classes of compounds within this trend has been the
layered oxides from early transition metals, with special emphasis
on those showing electron configurations complementary to
Cu(ly/Cu(llly or Cu(ll)/Cu(l), that is, d/d?> or dt/d® systems.
Examples of success following this approach are the supercon-
ductors LiNbO,2 and KCaNbsO;0.2 In the field of nitrides,
superconductivity has been recently reported for mixed valence
d%d* zirconium and hafnium nitride halides, showing some of '
the highest critical temperatures for non-oxide systéhidiobi-
um and tantalum oxynitrides with perovskite structure were first 5 15 25 3% 45 55 65 75 85 95 105 115
reported by Marchand et aand recently have attracted interest #Theta (Degrees)
because of their potential use as nontoxic inorganic pignfents. Figure 1. Observed and calculated X-ray diffraction patterns for
Strontium tantalum oxynitride $FaO;N°® shows the KNiF, SENDO; oN.
structure and is the first example of a RuddlesdBopper phase
containing only tantalum and an alkaline earth metal as constituent ‘10
cations. Ternary alkaline earth Ruddlese®wopper oxides from 105 |
group IV of the transition metals are known only for titanium,
forming the family of compounds A:Ti Osn+1.1° As the +4
oxidation state is less stable in air for Nb and Ta than for Ti,
these metals adopt other structural types allowingttBexidation
state when combined with alkaline earth metals. The electronic
configurations for the possible oxidation states for Nib{+4,
+3), as well as its ability to form mixed-valence compounds,
make this element a good candidate for the search for new layered
compounds with electronic conductivity or superconductivity. In ' o R S T
this paper, we present the synthesis and structural characterization H— — ; Ul
of two members of the new family (SrO)(SrNbGN), (n = 1, woa o el e "OZThe:iDegm: =
n = 2). These compounds, with formulas,SbO;_,N (n = 1)
and SgNb,Os N, (n = 2), constitute the first strontium niobium  Figure 2. X-ray diffraction pattern for SNb;Os.7/No.
RuddlesdenPopper oxynitrides and provide layered parent
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structures, analogous to JGu0,! SLRUO, and LaCaCyOg, 2 n=1and 3:1 fon = 2. The reactants were pelletized and treated
to obtain mixed valence niobium compounds with a variety of under flowing NH (180 cn#/min) (Carburos Méticos, 99.9%)
oxidation states and transport properties. at temperatures between 900 and 1853dor several 50 h cycles
Samples with composition $MbON, (n = 1) and SiNb,ON, with intermediate regrinding. Samples were air-sensitive, and their
(n = 2) were prepared by solid-state reaction of SgGBaker, handling between thermal cycles as for subsequent characteriza-

99.9%) and NEOs (Aldrich, 99.99%), with molar ratios 4:1 for ~ tion was done in an Ar-filled glovebox. The final color of both
samples was dark brown, which gradually changed to light brown
on air exposure. X-ray diffraction patterns were generally taken
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Figure 3. Electron diffraction patterns along [001] and [010] zone axes for (SrO)(SsNbQ» (n = 1, 2).

Table 1. Crystallographic Parameters for,8bO,gN (Space Group
l4/mmm Z = 2, a = 4.0491(2) A,c = 12.5955(6) A)

site  xa yib zc occ B

Sr 4e 0 0 0.35394(11) 1 1.90(6)
Nb 2a 0 0 0 1 1.91(5)
N(1) 4c 0 05 0 05  0.9(2
o(1) 4c 0 05 0 04  0.9(2)
0(2) 4e 0 0 0.1596(8) 1 2.8(3)

d(Nb—N,0(1)) (x 4) (A) 2.025(1)

d(Nb—0(2)) (x2) (A) 2.015(1)

d(Sr—0O,N(1)) (&) (x 4) 2.736(1)

d(Sr—0(2)) (A) 2.442(1)

d(Sr—0(2)) (A) (x 4) 2.868(1)

Np. Nreﬂ. Nireﬂal 3457, 70, 60

Pp; Pi, Pg 13, 8, 7

Rerags RF, X° 5.69, 4.85, 13.0

Ro, Rup, Rexp 18.2, 23.6, 6.47

fp 2.5

. . . Figure 4. Perspective views of the structures of the= 1 andn = 2
2 Conventional RietveldR-factors R;, Rex) are calculated by using  jembers of the family (SrO)(SINBON)n.

background corrected counts. Thermal vibrations where restricted to
be isotropic and fixed in the last steps of the refinemBRtNen, Nirer, 0.50 45
refer to the number of experimental points, total reflections, and
independent reflections, respectively, P;, Py, refer to the number of

0.45 » - 4.0

profile, intensity-dependent, and global refined parameters, respectively. o 040 1 treated in Ar/H, 3.5 )
The profile fitting of the data was performed with a pseudo-Voigt 0387 0 30 x
function, including asymmetry and preferred orientation corrections. - 0301 0°o°°°° 2.5 T
Preferred orientation and asymmetry were corrected, respectively, by 2 o254 o° T2
the March-Dollase and the BeraiBardinozzi expressions (see ref 13). E 0.0 . as prepared 20 E

2 0.5 1 5 =

to 65um and mixed with glass powder before filling the capillary

that was sealed under argon. The structure was solved by Rietveld

analysis with the help of Fullprdf Electron diffraction patterns

and XEDS analyses were obtained in a JEOL 1210 transmission

electron microscope operating at 120 kV. Chemical compositions T

were determined by pIa_sma absorption analyses (for cation COr]_Figure 5. Magnetic susceptibility for as-prepared and reduced samples

tents), elemental analysis (for C and N contents), and TGA experi- ¢ SENDO, N,

ments performed in ©and Ar/H; (95/5, v/v). These lead to the

compositions SNbO, gN and SgNb,O, /N, for then = 1 andn

= 2 compounds, respectively. A reduced sample frommtkel

phase was prepared by treatingNiyO, gN at 447°C in Ar/H,.
Figures 1 and 2 show the X-ray diffraction patterns for

SeNbO, N and SgNDO4 7No. crographs of the = 2 compound indicated a high degree of dis-

In Figure 3, the electron diffraction patterns along the main o qer in the stacking of planes perpendicular to drdirection.
crystallographic zone axes for the same phases are depictedyy s in this case, it is imperative to prepare new, better crystal-
Indexation of the reflections in these planes and in others obtained|;; o samples for the determination of accurate atom positions

by tilting around the three crystallographic axes lead to tetragonal
unit cells with dimensionsa = 4.0 A andc = 12.5 A for
SENbO, N, anda = 4.0 A andc = 20.7 A for SENb,O4 No.
The observed reflection conditions in both compouridd,  +
k + | = 2n; h00, h = 2n; 0kO, k = 2n; 00I, | = 2n; hkO, h + k
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any structural model in the refinement, wexre= 4.0511(7) and
c = 20.651(9) A. Perspective views of the structures for both
compounds are shown in Figure 4.

The X-ray diffraction pattern and the electron diffraction mi-

as well as to characterize fully the physical properties of this
phase.

The N atoms in SNbO, gN were placed at the equatorial sites
of the octahedron, site 1, taking the model found by Marchand
\ " et al. for SpgTaO;N from neutron diffraction dat&.The bond
= 2n; Okl, k+1 = 2n, andh0l, h +1 = 2n) were consistent with  qigiances in Table 1 are very close to those shown by the tantalum
the space groupl/mmm The starting coordinates for the structure compound, in agreement with the identical ionic radii shown by

determination of SNbO,g were taken from the compound Ta(V) and Nb(V) ((CN = 6) = 0.78 A)%4 Occupation factors
Sr,TaO;N.° Results for the best fitting are shown in Figure 1 and

Table 1. For thex = 2 compound, the cell parameters, obtained (13) rodfguez-Carvajal, JProgram FULLPROF version 2.5; April 1994;
from the pattern of Figure 2 with Fullprof but without introducing ILL, unpublished.
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for oxygen in sites 1 and 2 were refined, but the stoichiometry showed that they are highly resistive. Further measurements, as
was fixed to 2.8 oxygen atoms per formula as found from N well as doping or variation of N/O ratios in both= 1 andn =
analysis and TGA oxidation experiments. The vacancies were 2 compounds will, however, be necessary to fully characterize
found at the equatorial O(1) positions, although additional neutron the physical properties of the new compounds. The possibility of
diffraction experiments will be needed to confirm this result, as changing the anion stoichiometry as well as increasing the number
well as to determine the occupancies of nitrogen atoms in eachof perovskite layersn) will expand, indeed, the perspectives for
site. The averaged formal oxidation state for niobium in this sa- finding new magnetic and transport properties in this family.
mple is+4.6. SQUID measurements (Figure 5) between room
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