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The crystal structures of all so far known ternary lanthanide(III) nitride chalcogenides (M3NCh3, M4N2Ch3, and M5NCh6) and their halide derivatives (M3N2ChX, M4NCh3X3, M5N2Ch4X, M5N3Ch2X2, and M6N3Ch4X; M = La ( Nd, Sm, Gd ( Dy; Ch = S, Se, Te; X = Cl, Br) are dominated by N3( anions in tetrahedral neighbourhood of M3+ cations [1]. The syntheses succeed by reactions of the respective metal (M) with sodium azide (NaN3), chalcogen and the corresponding lanthanide trihalide at 850 ( 900 °C in evacuated silica ampoules within seven days according to
34 M  +  27 Ch  +  6 NaN3  +  2 MX3  ((  9 M4N2Ch3  +  6 NaX,
especially in the case of compounds with the M4N2Ch3 composition. While the sulfides are stable against water and so can be obtained as pure samples by rinsing off NaX (the by-product and fluxing agent), the analogous selenides and tellurides become more and more sensitive to moist air.

A very interesting structural behaviour is exhibited by the nitride-chalcogenide representatives with the composition M4N2Ch3 which occur in five different crystal structure types. They differ fundamentally in the linkage of the structure-dominating N3(-centred (M3+)4 tetrahedra. The Sm4N2S3-type structure [2] crystallizes in the monoclinic space group C2/m with Z = 4 (a = 1318.0(1), b = 391.57(2), c = 1031.76(9) pm, β = 130.874(6)°) and consists of two crystallographically different M3+ cations, both showing coordination numbers of six relative to the anions. The [NM4]9+ tetrahedra share cis-oriented edges to form strands 
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]3+ (first figure from top). In contrast, the linkage of trans-oriented edges of the [NM4]9+ tetrahedra (second figure from top) builds up the orthorhombic Ce4N2Te3-type structure [3] (Pnma, Z = 4; a = 739.26(6), b = 1169.73(9), c = 1148.04(9) pm). Owing to a slight distortion of the chain 
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]3+, three crystallographically independent M3+ cations with coordination numbers of six (twice) and seven occur. In the orthorhombic La4N2S3-type structure [4] (Pnnm, Z = 2; a = 641.98(4), b = 1581.42(9), c = 409.87(3) pm) two crystallographically different M3+ cations are present. (M1)3+ resides in sixfold coordination of two N3– and four S2– anions forming a trigonal prism, whereas and (M2)3+ is seven fold coordinated by two N3– and five S2– in the shape of a capped trigonal prism. The main structural feature of the crystal structure comprises N3–-centred (M3+)4 tetrahedra again, which first arrange as pairs [N2M6]12+ of two edge-shared [NM4]9+ units. These are further connected via their four free vertices (M2) to form double chains 
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{[N2(M1)2(M2)4/2]6+} (third figure from top). In the monoclinic Nd4N2Se3-type structure [5, 6] (C2/c, Z = 4; a = 1300.47(4), b = 1009.90(3), c = 643.33(2) pm, β = 90.039(2)°) for the first time an arrangement of interconnected [NM4]9+ tetrahedra to layers is observed. In compounds of this type, the [NM4]9+ units are first edge-linked to bitetrahedra [N2M6]12+ again, which then become cross-connected to 
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]3+ layers via their remaining four vertices (fourth figure from top). The coordination numbers for M3+ once again are six and seven relative to the anions (N3( and Se2(). Finally, a second layered arrangement is found in the Pr4N2S3-type structure [6] (C2/c, Z = 8; a = 1788.57(9), b = 986.04(5), c = 1266.49(6) pm, β = 134.546(7)°). There are four different M3+ cations present which exhibit coordination numbers of six (twice) and seven (twice). The [NM4]9+ tetrahedral, first edge-linked to bitetrahedra [N2M6]12+ just like in La4N2S3 and Nd4N2Se3, are then connected via two vertices to quadruples [N4M10]18+ which again build up layers 
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]2)6+} via their four remaining free corners (fifth figure from top, also emphasizing the different “porosity” as compared to Nd4N2Se3). Meanwhile, more isotypic and dimorphic compounds of lanthanide(III) nitride chalcogenides with the composition M4N2Ch3 could prepared. According to the figure, Tb4N2Se3 is crystallizing in the Sm4N2S3-type structure and for the selenides M4N2Se3 (M = La – Nd) the Nd4N2Se3-type structure could be detected. The sulfides M4N2S3 (M = La – Nd) crystallize with the La4N2S3-type structure and finally the tellurides M4N2Te3 (M = La – Nd) adopt the Ce4N2Te3-type structure. In addition, there are three compounds which crystallize dimorphously so far. La4N2S3 and Pr4N2S3 are found in the La4N2S3- and in the Pr4N2S3-type structure, while Ce4N2Se3 is observed either in the Nd4N2Se3- or in the Ce4N2Te3-type arrangement.
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Chain of cis-edge condensed [NM4]9+ tetrahedra





Chain of trans-edge condensed [NM4]9+ tetrahedra





Double chain of vertex- and edge-condensed [NM4]9+ tetrahedra





Layer of vertex- and edge-condensed [NM4]9+ tetrahedra with six-ring pores





Layer of vertex- and edge-condensed [NM4]9+ tetrahedra with four- and eight-ring pores
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Structure-field diagram of lanthanide(III) nitride chalcogenides with the composition M4N2Ch3
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