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Crystal Structures of Two Polymorphs of Ca[Al 2N4]
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Green transparent single crystalsefCa[Al 2N4] (monoclinic, P2;/c, No. 14,a = 957.2(3) pm,b = 580.2(3)

pm, ¢ = 956.3(5) pm,8 = 111.62(3); Z = 4) were obtained from reactions of mixtures of the representative
metals with nitrogen above temperatures of 1000 3-Ca[Al 2N4] (monoclinic, C2/c, No. 15,a = 1060.6(2)
pm,b=826.0(2) pmc = 551.7(1) pmp = 92.1(1}; Z = 4) was formed as a byproduct of a reaction of calcium
with alumina under nitrogen af = 930 °C in form of colorless crystals. The crystal structures of the two
polymorphs contain edge- and corner-sharing Alidtrahedra, leading to different layered anionic partial
structures: 2[(AIN 22N22)2(AINN 22N112)55 | in the a-phase and?[Al NN ] in the s-polymorph.

Introduction 1-2 g). The mixtures of the metallic elements were first fused under
_ argon (99.995%, Messer-Griesheim) at 12001n a second step these
From a large number of nitridometalated only few ex- mixtures were heated under static nitrogen at ambient pressure to
amples Of n|tr|d0alum|nates Of I|th|um and alkallne eal’th meta|S temperatures between 1000 and 1200 At maximum temperatures
are known and characterized in terms of their chemical pelow 1200°C the multiphase products contained green crystals of
compositions and crystal structures. The crystal structure of o-CafAl.N4] and colorless crystals which might be due to a third
Li3[AIN 2]* was reported by Juza et al. as early as 1948 and canpolymorph of CglAl.NJ].” Samples heated to 1200 contained
be understood as a Cafype superstructure. Nitride species crystals ofa-CalAl N4 together with large amounts of binary metal
are arranged to form the motif of a distorted cubic close packing. Nitrides which were identified by powder X-ray diffraction-Ca{Al2N,]
Lithium and aluminum occupy the tetrahedral holes in an IS obtained in the form of green transparent platelets. o
ordered way, resulting in a framework of vertex-sharing AIN ~_#-CalAl2Ni] was found as a byproduct of reactions of calcium with
tetrahedra fo[AIN 2/72]' The crystal structure of GBAIoNglS silver under static nitrogen at ambient pressure in alumina crucibles at

ins isolated uni 12 built of d harina Al 930 °C2 The colorless needles grow at the wall of the crucibles.
contains isolated units [ANg] " built of two edge-sharing AIN Microprobe investigations on these crystals revealed the presence of

tetrahedra. In the crystal structures of the isotyp@fABN4]®  no other metals than calcium and aluminum. Charge balance is only
and Ba[Al 2N4]° AIN 4 tetrahedra are Cosrldensed to infinite chains  attained with nitrogen on the crystallographic sites of the anions.
of trans edge-sharing tetrahedt$AIN 3. Both phases are moisture sensitive, forming ammonia. Single-phase

Here we report on the preparation and crystal structures of products of any of the two polymorphic forms could not be obtained
two polymorphs of CdAl2N4] with anionic partial structures  during our investigationsx-Ca{Al :2NJ] was shown also to form from
of corner- and edge-sharing tetrahedra resulting in two different mixtures of CaN and AIN by heating to temperatures between 1000

two-dimensional anionic networks? and 1100°C in welded niobium tubes sealed within quartz tubes.
According to powder X-ray diffraction the reaction product contained
Experimental Section only a small amount of impurity phases.

Crystal Structure Determinations. Unit cell dimensions for crystals
of both phases were first estimated from precession photos (lattice
explorer, Stoe, Darmstadt, Germany). X-ray diffraction intensity data
were taken on a Philips PW 1100 with graphite-monochromatized Mo
Ko radiation, using the/20 scan technique. Unit cell parameters were
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Syntheses and Characterizationo-Ca[Al 2N4] was obtained from
mixtures of calcium (99.9%, Degussa) and aluminum (99.9%, Merck)
in molar ratios in the range from 1:1 to 3:1 (typical sample sizes were
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Table 1. Crystallographic and Refinement Data

(X-C&;[Al 2N4] ﬂ-C&;[Al 2N4]
unit cell parameters
a, pm 957.2(3) 1060.6(2)
b, pm 580.2(3) 826.0(2)
c, pm 956.3(5) 551.7(1)
B, deg 111.62(3) 92.1(1)
V, 10° pm? 493.7(3) 483.0(2)
VA 4 4
fw, glcn? 230.24 230.24
space group P2i/c, No. 14 C2/c, No. 15
) 293 293
radiationl, pm 71.073 71.073
densitypca, g cnT3 3.097 3.166
w(Mo Ka), mmr? 3.57 3.65
R(Fo)? 0.0226 0.0677
Ru(Fo?) (all data¥y 0.0622 0.1594

lF;i)?ZElgIzl':%IUZ— IFell/3 Folwith (Fo* = 20(Fc?). ® Ry = [X(IFs?| —

Figure 1. Crystal structure oft-Cas[Al 2N4]. Open framework layers
crystal structures were solved using direct methbasd refined with fo[A|N g*] of edge- and corner-sharing Aletrahedra. Calcium (gray
the SHELX software packagéAll atoms were refined with anisotropic  circles) are located within and between the layers. Displacement
displacement parameters. An extinction correction was refined for the ellipsoids are plotted at the 99% probability level. The unit cell is
crystal of thea-phase. Thex-polymorph is characterized by two axes indicated.
nearly identical in lengtha andc. After application of the respective
twin matrix for a pseudo-merohedric twin, tf¥R, values dropped /l_
from 0.0835/0.2050 to 0.0226/0.0622, resulting in a twin ratia ef
0.1402(9). A total of 84 parametere)(and 42 parametergy) were
refined. The minimum and maximum peaks in the finaldéference
map (in 10° pm=—=) were —0.40, 0.42 &) and —1.38, 1.07 ).
Refinements of the occupancies of the metal sites, especially for
B-CaAlNg], that may indicate a partial exchange of nitrogen by
oxygen did not result in any significant deviations from fully occupied
sites.

Results and Discussion

The crystal structures of the title compounds contain alumi-
num in distorted tetrahedral coordination by nitrogen. A further s P
common feature of the polymorphs is the presence of dimers, h & L]

Al,Ng, formed from two edge-sharing tetrahedra. The crystal _. 2 3
trucuresdiferin the way hese edge-sharing pais oftewahech e[, 2, Y%, suctte SCaly g Lavers i) of
are ConneCted_W'th_ Oth_er _MG or AlN4 units via common are located mainly between the layers. Displacement ellipsoids are
vertexes. The dimeric units in the crystal structure ofathghase plotted at the 99% probability level. The unit cell is indicated.

are connected with six neighboring Alfetrahedra by sharing

common vertexes. The latter AlNetrahedra do not share  pyckered, but comparable flat layef$Al NoN§,] of corner-
common edges with other tetrahedra; they are exclusively sharing dimers ANs. Calcium ions between the nitridoalumi-
connected with dimers. These tetrahedra are characterized byhate layers occupy distorted octahedral hoe&as[Al N4 is

one terminal, two bridging, and one three-connecting nitrogen gn jsotype of, e.g., GBAl 2As4], 15 SKIAI ,P4], 16 Bag[InoP4], 17 and
atom (AINNz2Ny3). Hence, the formal motif of connection  (.)CayGaNJ].28 Interestingly, the latter nitridogallate was
within the anionic framework of-Ca[Al N4] can be described  reported to form a polymorphous modification which consists
as 2[(AIN 22N29)2(AINN 22N13)g5 1 = Z[AIN37]. A section of of exclusively corner-sharing GaNetrahedra? In the crystal

the complex crystal structure of themodification is shown in structure of g-)CaGa:N4] two independent interpenetrating
Figure 1. Theo-phase contains open anionic framework layers networks 2[(GajNg)NS,] are formed from BFO;r-analogous
with channels formed from 4-, 5- and 6-membered rings of ynits, interconnected at all terminal nonmetal functions. No
tetrahedra. Calcium is located between the layers and in thegiuminum analogue to this phase has been reported so far. From
channels within the layers. The resulting coordination spheres the strontium and barium nitridoaluminates with the respective
by nitrogen atoms can be described as distorted octahedral a”‘i*:omposition, SHAI 5N4]° and BaJAl ,N,],5 only one modifica-
trigonal bipyramidal. tion is known which contains infinite chains of trans edge-

The structure of thgs-phase exclusively contains dimers  sharing tetrahedra,[AIN 3,]. That may be due to the larger
Al2Ng, which share common nitrogen vertexes resulting in a
layer Z[AI2N2NS,J. Al nitrido ligands solely bridge two (15 Cordier, G.; Czech, E.. Jacowski, M.: StéraH. Rev. Chim. Mineral.
aluminum centers of adjacent tetrahedra. Figure 2 shows a part 1981, 18, 9.

- i i (16) Somer, M.; Carrillo-Cabrera, W.; Peters, K.; von Schnering, HZ.G.
of the crystal structure of thg-polymorph, which contains Kristallogr. NCS1998 213 230.
(17) Somer, M.; Carrillo-Cabrera, W.; Peters, K.; von Schnering, HZ.G.
(13) Sheldrick, G.; Krger, C.: Goddard, RSHELXS-86Crystallographic Kristallogr. NCS1998 213 4.
Computing 3, Oxford University Press: Oxford, U.K., 1985. (18) Clarke, S. J.; DiSalvo, F. Inorg. Chem.1997, 36, 1143.
(14) Sheldrick, GSHELXL97-2 Géttingen, Germany, 1997. (19) Clarke, S. J.; DiSalvo, F. J. Alloys Compd1998 274, 118.
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Table 2. a-Ca[Al2Ny4]: Selected Interatomic Distances (pm) and framework °3°[A|N 2/‘2] of solely vertex-sharing tetrahedra. The

Angles (deg) (Standard Deviations in Parentheses) situation for nitridogallates(lll) with tetrahedral coordinated
Al(1)—N(2) 187.6(2) N(1)-Al(1)—N(2) 110.39(9) gallium is similar: Lg[GaN]* is an isotype of Li[AIN ;] with
ﬁ:&;-“&g 188-3% HE%Q:EB—“% ﬂgggg exclusively vertex-sharing tetrahedra, while the crystal structures
- . - . _ 18 19 i _ _
Al(1)—N(3) 194.1(2)  N(2-Al(1)-N(3) 103.49(8) OL(?i,ZC?[ﬁaleﬂr ag:gglﬁaflzﬂz Eogtra 'g?ﬁ;ﬁ”ﬂ Verrtex
N(2)—Al(1)—N(4)  104.42(9) Sharing tetranedra. &N = of, ba ally are
Al(2)—N(2) 182.2(2)  N(3FAI(L)—N(4) 114.40(9) bunt_fr_om s_(_JIer edge-sharlng tetrahedra. In the_crystal structures
Al(2)—N(4) 187.6(2) of nitridosilicates edge-sharing of tetrahedra is only observed
Al(2)—N(3) 192.2(2)  N(2yAl(2)—N(3)  106.03(9) for the barium compounds B&i,Ng]2* and Ba[SiN(],22 while
Al(2)—N(3) 198.1(2) N’\é(z?——ﬁ:%:mgg ﬁg-ég% the crystal structures of the other nitridosilicates reported so
AIR)—AI(2) 277.6(1)  NG)-AI2)—N(3) 893 4(9) far do not exhl_blt edge-sharing of tetrahe_é‘ia. -
_ _ Phase relations between the crystalline modifications of
N(3)-Al(2)—-N(4) 116.20(9) _ : _ _
Al(1)—N(2)—-Al(2)  169.0(1) N(3)-Al(2)—N(4) 118.18(9) CalAl2Ng4] are not investigated in detail up to now. The
Al(1)—N(3)—AlI(2) 118.67(9) proposed assignment given in the present paper is based on
ﬁ:gg—mgg—ﬁ:% 153-3&29) experimental conditions during preparation and includes the
o : general principle declaring the polymorph with the highest
élé(la)—u(é)) Al2) 12%%((12)) Ca(2yN(4) 263.3(2) thermal stapility to be tha—mgdification. Sytheses of calcium
Ca(1)-N(1) 243.0(2)  (Ca(dN(4) 302.7(2)) nitridoaluminates were carried out at maximum temperatures
Ca(1)-N(1) 250.9(2) of 1200°C. At that temperature--Cas[Al 2N4] is obtained as
Ca(1)-N(1) 260.6(2)  Ca(3yN(4) 243.9(2) the only ternary phase. Below 120C (down to 1000°C)
Ca(3)-N(2) 251.3(2) always mixtures of crystals of the greemphase and further
ggg);mg; ggg% gggg“gg ggigg; colorless crystals are found. The colorless crystals may be due
Ca(2)-N(1) 2593(2)  Ca(3yN(4) 279.8(2) to a further polymorph of GAl2N4],” but the results of our
Ca(2-N(3 261.3(2 Ca(3)N(3 281.6(2 single-crystal investigations could not be interpreted unambigu-
(2-N(3) 2 (3IN(3) 2 ' ' Id b d b
o ously so far. These observations may be consistent with the
Table 3. B-Ca[AlN4]: Selected Interatomic Distances (pm) and  _yhase being the high-temperature modification, supported by
Angles (deg) (Standard Deviations in Parentheses) the lowerp,-value (3.079 g/cf compare Table lﬁ-éag[Al N
Al(1)—N(1) 189.7(4)  N(LyAl(1)—N(1) 104.8(1) was accidentally obtained as a byproduct in the course of
ﬁ:gg:mgg igg'ggg “Egﬁ:gg:“gg ﬁiggg reactions of Ca (and Ag) with ADs (crucible) and molecular
Al(1)—N() 197:8(5) N(L-AI(D) —N(2) 114:9(2) nitrogen at 930°C. These reac_t?on _conditions might_ indica_te a
N(1)—Al(1)—N(2) 115.7(2) metastable nature of th&modification, an assumption which
Ca(1)-N(1) 2% 245.2(4) N(2)-Al(1)—N(2) 98.5(2) is consistent with the comparable highvalue of 3.166 g/crh
Ca(1)-N(1) 2x 248.2(4) Finally it should be pointed out clearly again that the proposed
Ca(lyN(2)2x  257.8(5) phase relations between the modifications of crystalline
Ca(2)-N(1) 245.4(5)  A(IXN@L)-AI(1)  126.3(2) Ca[Al2N4] should just be regarded as a first approach which
Ca(2-N(1) 253.3(4) Al(1}-N(2)—Al(1) 81.5(2) has to be confirmed by detailed experimental facts.
Ca(2y-N(2 256.3(4
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areas of the two- and three-dimensional networks. ) ) ) o

In agreement with the other alkaline earth nitridoalumirfétes _ SuPPorting Information Available: X-ray crystallographic files
the tetrahedra in all three polymorphs are strongly distorted due™ CIF format, providing more details regarding data collection and
to the diff t tiviti fth . it it d structure refinement. This material is available free of charge via the
o the different connectivities of the various nitrogen sites and | .o et at hitp://pubs.acs.org.
to the repulsion between the aluminum species of edge-sharing
tetrahedra across the short distancesi@fl—Al) = 254.8- 1C0002869
277.6 pm (compare Tables 2 and 3). -

The occurrence of edge-sharing tetrahedra in all alkaline earthgcl)g igmgﬂg' : B:gg:xg' E ﬁ"}fhfré’séﬂﬁgﬁiggg gf& 37360-
n@tr_idoalum_inates known up to now is remarkable. The _onIy (22) Huppertz, H.; Schnick, \)\Chem._yEur_ 3_2997’ 3 249.
nitridoaluminate of an alkali metal, §[AIN ],* forms an anionic (23) Schnick, W.; Huppertz, HChem—Eur. J. 1997, 5, 679.




