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Two new quaternary nitrides, Li,Sr, MN, (M =Nb, Ta) have
been synthesized from Li, Sr, and Nb or Ta metals under
a flowing Ar—NH; atmosphere at 800°C under ambient pressure.
The structures, determined by single crystal X-ray diffraction,
are orthorhombic, space group Prnnm (No. 58) with Z=4, and
have lattice parameters a=8.713(6) A, b=9.007(4) A, c=
7.006(5) A and a=8.700(6) A, b=9.004(4) A, ¢c="7.000(3) A for
M=Nb and Ta, respectively. Refinement based upon F yielded
R=0.033 and R,=0.036 for M=Nb and R=0.035 and
R,=0.045 for M=Ta. The structures are isotypic with
Na,Li;MO4, M=Fe, Ga. The M and two independent Li atoms
are tetrahedrally coordinated by N atoms. Each M N, tetrahed-
ron connects three Li(2)N, tetrahedra, one by edge-sharing and
two by corner-sharing, to form a two-dimensional layer in the bc
plane. These layers are linked together by Li(1) atoms to form
the three-dimensional structure. The two Sr atoms occupy chan-
nels formed by N atoms along the ¢ direction. Crystalline
Li;Sr, NbN, was synthesized by heating a Li;N—Sr,NbN; mix-
ture at 750°C under an Ar atmosphere. Magnetic susceptibility
data for Li;Sr,NbN, between 4 and 300 K exhibit temperature
independent paramagnetism. © 1997 Academic Press

INTRODUCTION

Several group-V transition metal ternary nitrides have
been reported recently: CazVN3 (1), M2 VN3 (M = Ba, Sr)
(2), LisNbNy (3), Li;TaN4 (4), CuTaN; (5), LiTasNs (6),
LizfxTaz+xN4 (~ 03<x< ~ 1) and LilfxTa3+xN4
(x <0.06) (7), CsNbN, (8), NaNbN, (9), TaThN; (10),
Ba,NbNj; (11), and M,TaN3 (M = Ba, Sr) (12). Ba,TaN3;
and Sr,TaNj are isostructural, but Ba, VN3 and Sr, VN3
are not isostructural. Recently we reported the structures of
two quaternary nitrides LizBa;M N4 (M = Nb, Ta) (13) and
also determined that SrpNbNj; (14) is isostructural with
Ba,NDbNj; (11). These observations suggested that stron-

!To whom correspondence should be addressed.

tium-substituted analogs of Liz;Ba, MN, should be prepar-
able. However, the Guinier X-ray powder pattern for the
Li;N-Sr,NbNj; reaction product indexed on orthohombic
symmetry with a cell volume of 548.0 A3, suggestive that the
new Li—Sr—Nb—N phase was not an isostructural analog of
monoclinic Li;Ba,NbN,. From a comparison of the cell
volumes for Li;Ba,NbN, (13), Ba,NbNj; (11), and Sr,NbN;
(14) which are 620.3, 954.3, and 842.4 on, respectively, we
concluded that the new Li—Sr—Nb-N phase was probably
Li3Sr,NbN, and proceeded to try to grow a single crystal
suitable for structural analysis.

Single crystals of numerous alkaline earth containing
nitrides, e.g., Ca3VN;3 (1), BasMN, (M = Mo, W) (15),
Ba,NbNj; (11), and Ba([Ti,N,] (16), have been grown by
reaction of the alkaline earth metal or metal nitride with
a transition metal or metal nitride under flowing N,(g).
Sometimes Li or Li;N was added as flux. For example, Li
metal served as flux for growing crystals of Ba,TaN; (12),
MsMnN; (M =Ba, Sr) (17), Bas[CrN,IN (18), and
LizBa,MN, (M = Nb, Ta) (13). Other methods of crystal
growth include: (i) synthesis of Ca;CrN; (19) by heating
a mixture of CrN/Cr,N and Ca;N, in a stainless-steel tube
under an Ar atmosphere, (ii) synthesis of Sr,NiN, (20) by
using a nonreactive Na metal flux, and (iii) synthesis of
numerous alkali metal containing nitrides under high pres-
sure by using alkali metal amides as the nitrogen source (21).

We decided to try to grow single crystals of Li;Sr,MN,
(M = Nb, Ta) under flowing NH;(g) under ambient pres-
sure. Since ammonia is a more reactive nitriding reagent
than N,(g), we hoped to obtain crystals at lower temper-
atures than those required in an N,(g) atmosphere. To our
knowledge, crystals of transition metal nitrides had not been
grown under flowing ammonia under ambient pressure.

Very few quaternary transition metal nitrides have been
reported. Most of those reported involve Li-M-Ni—N
(M =Ca, Sr, or Ba) systems (22). In LiSr,CoN, (23)
and M,LiFe,N; (M =Ba or Sr) (24), [Co'N,]°~ and
[Fe,N3]°~ anions, respectively, were characterized. We re-
port the synthesis and structures of the quaternary nitrides,
LizSr;MN, (M = Nb, Ta).
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EXPERIMENTAL

Synthesis. Polycrystalline Li;Sr,NbN, was synthesized
by heating at 750°C for 30h a mixture of LizN and
Sr,NbNj; (14). The 1:1 molar ratio mixture with a ~ 10%
excess of LisN was sealed in a Nb tube under an Ar
atmosphere. Previously unreported Sr,NbN; was syn-
thesized by heating a 1:1 molar mixture of Sr,N (25) and
NDbN at 900°C for 1 day under flowing NH;(g) followed by
quenching. Sr,N was prepared by heating Sr metal in
flowing N,(g) at 800°C for 36h. NbN was prepared by
heating NbCls (Johnson Matthey, grade 1) under flowing
NH;(g) to 700°C in 3 h, heating it at 700°C for 8 h, and then
quenching.

Single crytals of LizSr,NbN, were grown from Li, Sr, and
Nb metals. A mixture of elemental Li, Sr (99%, Cerac, Inc.),
and Nb powder (99%, E. H. Sargent & Co., 80 mesh) in
3:1.5:1 molar ratio was confined in a Nb boat which was
then placed in a quartz reaction tube. The mixture was first
heated under flowing Ar (AGA Gas, Inc.) to 800°C at a rate
of 110°C/h and held at this temperature under flowing Ar
for about 40 min. NHj3(g) was then slowly diffused into the
Ar-filled reaction system. The sample was heated under the
flowing Ar/NH;(g) mixture for 29 h. The volume ratio of
Ar(g) and NH;(g) was maintained between approximately
1:1 and 3:2. The sample was next heated at 800°C under
flowing Ar for 5 h and finally cooled to 200°C under flowing
Ar at a rate of 10°C/h. To ensure that the NH;(g) was dry,
Sr metal was placed before and after the sample. Light-
yellow transparent single crystals of Li;Sr,NbN, were iso-
lated from the crushed product which was both air and
moisture sensitive.

The argon gas was purified by molecular sieves (4—8 mesh,
Aldrich) and De-Ox catalyst (Johnson Matthey). The am-
monia was dried over sodium metal and stored in a stain-
less-steel vessel. All sample manipulations were handled in
an Ar-filled glove box the typical moisture and oxygen
contents of which were < 0.5 ppm, and < 1 ppm,, respec-
tively. Single crystals of LizSr,TaN, were grown similarly
with minor changes to the heating schedule.

X-ray diffraction. X-ray powder diffraction data were
obtained by using both a 114.6 mm Guinier camera (quartz
monochromatized CuKa; radiation) and Philips APD
powder diffractometer system (graphite monochromatized
CuKo radiation) with a Philips XRG-3000 X-ray generator.
The diffractometer data were stripped of the Ko, compon-
ent with the APD software and corrected for the 6-compen-
sating slit as described previously (26). The programs VIS-
SER (27), TREORS (28), and DICVOL92 (29) were used to
index the Guinier X-ray powder pattern of Liz;Sr,NbN,.
NBS certified Si (a = 5.43082(3) 10\) served as internal stan-
dard. The program LAZY PULVERIX (30) was used for
intensity calculations. X-ray single crystal diffraction data

were collected on a Rigaku AFC6S four-circle diffrac-
tometer.

Structure determination. Irregular crystals for both com-
pounds were selected and sealed in glass capillaries in an
N,-filled glove bag. Lattice parameters were obtained by
least-squares refinement of the angle settings of 20 carefully
centered reflections. The choice of space groups was reduced
to Pnnm (No. 58) and Pnn2 (No. 34) by systematic absences
(Okl, k + 1% 2n; hOL, h + | # 2n), and the structures were
solved based on space group Pnnm.

Data were collected at room temperature by the w—260
scan technique to 20 < 60°. The intensities of three repre-
sentative reflections measured after every 150 reflections
declined by 3.70% and 0.5% for M = Nb and Ta, respec-
tively. A linear correction factor was applied to correct for
this intensity loss. The linear absorption coefficient for
MoKo radiation was used in the program DIFABS to make
an empirical absorption correction which resulted in trans-
mission factors that ranged from 0.66 to 1.33 and from 0.86
to 1.16 for the M = Nb and Ta compounds, respectively
(31). The data were corrected for Lorentz and polarization
effects and for secondary extinction (coefficients = 0.2 +

0.1 x10~% and 0.51 + 0.08 x 10~ °, respectively).

TABLE 1
Summary of Crystal and Diffraction Data for Li;Sr, M N,
(M=Nb, Ta)
Chemical formula Li;Sr,NbN, Li;Sr,TaN,
Formula weight 345.00 433.04
Space group Pnnm (No. 58) Pnnm (No. 58)
a(A) 8.713(6) 8.700(6)
b (A) 9.007(4) 9.004(4)
¢ (&) 7.006(5) 7.000(3)
V(A3) 550(1) 548.3(5)
V4 4 4
D, (2/cm?) 4.167 5.245
T(C) 26 + 1 2541

Crystal color, Habit
Crystal dimensions (mm)
260 max (deg)

light yellow, irregular
0.150 x 0.200 x 0.300
60.0

light yellow, irregular
0.140 x 0.100 x 0.140
60.0

Scan type w20 w20

X-ray radiation (1) MoKu (2 = 0.71069 A) MoK (% =0.71069 A)
Monochromator Graphite Graphite

Octants collected hkl; Rkl hkl

Absorption coeff u(cm™') 20598 383.64

Measured reflections 1952 965

Observed reflections” 408 617

Unique reflections 970 861

F000 616 744

No. of variables 55 55

Residue peaks 1.81 (—1.49) ¢~ /A3 3.84 (—2.16) e~ /A?
R, R.f 0.033, 0.036 0.035, 0.045

] > 3.000(1).
"R =Y |F| — IFl /Y |Fol.

Ry, = [(Xw(F| — [ Fe)?/ XwF)]'2.
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TABLE 2
Atomic Positional and B,, Parameters for Li,Sr, MN,
(M=Nb, Ta)
Atom Position X y z B, (A2
Li(1) 8(h) 0.017(2) 0.363(2) 0.236(2) 1.0(7)
0.018(2) 0.363(2) 0.238(3) 0.5(7)
N(1) 8(h) 0.302(1) 0.0205(8)  0.234(1) 1.1(4)
0.303(1) 0.019(1) 0.234(1) 0.5(3)
N(2) 4(g) 0.073(2) 0.220(1) 0 0.7(5)
0.075(2) 0.219(2) 0 1.0(6)
Li(2) 4(g) 0.206(4) 0.425(2) 0 1.(1)
0.208(5) 0.426(4) 0 1.31)
Sr(1) 4(g) 0.2423(2) 0.75422) 0 1.02(6)
0.2418(2) 0.7543(2) 0 0.76(6)
Nb 4(g) 0.2855(2) 0.1368(1) 0 0.45(5)
Ta 0.28558(7)  0.13711(7) 0 0.15(2)
N@) 4(g) 0.451(2) 0.284(1) 0 1.0(5)
0.452(2) 0.284(2) 0 0.6(5)
St(2) 4(e) 0 0 02602(2)  0.67(5)
0 0 02603(2)  0.38(5)

Note. Each first line is for M = Nb; each second line is for M = Ta.
“The equivalent isotropic temperature factor is defined as (41)

8n?
Bu=y

3 3
oy U,»ja?‘a}“aia_,»:|.
=1j

j=1

i

Both structures were solved by direct methods with the
program SHELXSS86 (32). Except as described below, all
atoms were refined anisotropically with the refinement
based upon F. For Li3Sr,TaN,, N(2) and two Li atoms
could not be refined anisotropically, presumably because of
crystal imperfections.

Neutral atoms scattering factors were taken from Cromer
and Waber (33). All calculations were performed with the
TEXSAN (34) crystallographic software package. Data
collection and atomic position parameters are listed in
Tables 1 and 2, respectively. Thermal parameters (U;;) are
presented in Table 3. See NAPS document No. 05356 for 22
pages or 1 fiche of supplementary material.?

2 This is not a multi-article document. Order from NAPS c/o Microfiche
Publications, P.O. Box 3513, Grand Central Station, New York, NY
10163-3513. Remit in advance in U.S. funds only $8.35 for photocopies or
$5.00 for microfiche. There is a $15.00 invoicing charge on all orders filled
before payment. Outside U.S. and Canada add postage of $4.50 for the first
20 pages and $1.00 for each 10 pages of material thereafter, or $1.75 for the
first microfiche and 50¢ for each microfiche thereafter.

TABLE 3
Anisotropic Thermal Parameters, U; (X 1000)* for Li,Sr,M N,

Atom Uiy Us, Uss Ui, Uis U,s
Li(1) 10(10) 13(7) 12(8) 0o1) -3 —0(10)
20(10) —11(7) 10(10) 2(7) —4() —3(8)
N(1) 16(5) 17(4) 9(4) 5(4) 0(5) 4(4)
3(4) 13(4) 4(4) -33) -0 0(4)
N(@3) 4(7) 19(6) 15(7) 4(5) 0 0
1(6) 15(7) 8(7) —5(5) 0 0
Li(2) 20(20) 10(10) 10(10) —0(10) 0 0
50(20) 0(10) —0(10) 10(20) 0 0
Sr(1) 11.7(8) 11.2(7) 159(8) —22(50 O 0
8.8(7) 6.6(8) 1348 —26(5 O 0
Nb 5.8(6) 6.8(6) 4.4(5) 08(6) O 0
Ta 2.2(3) 2.1(3) 1.3(3) 023) O 0
NQ) 17(8) 11(6) 0(6) —1(5) 0 0
5(7) 2(6) 30(10) 5(5) 0 0
Sr(2) 9.3(8) 9.4(5) 6.7(6) 1.56) O 0
4.7(6) 5.9(6) 3.7(7) 0.6(5) O 0

Note. Each first line is for M = Nb; each second line is for M = Ta.
“The anisotropic temperature factor coefficients U;; are defined as

exp(—2n%(a*? U, h? 4+ b*2U,,k? + c*2Ussl? + 2a*b* U, hk
+ 20Uy shl + 26Uy k).

Magnetic susceptibility. Data were measured with a
Quantum Design SQUID magnetometer at temperatures
between 4 and 300K. Since magnetic susceptibilities are
slightly field dependent measurements were also performed
at various magnetic fields between 200 and 6000 G and the
susceptibilities at fields of 200, 400, and 600 G were extra-
polated to zero reciprocal field to eliminate ferromagnetic
impurity contributions.

RESULTS AND DISCUSSION

Both light-yellow and air sensitive Li;Sr,MN, com-
pounds decompose in air within minutes with release of
ammonia. In the synthesis of polycrystalline Liz;Sr,NbN,
too great an excess of Li;N and too high a reaction temper-
ature may lead to formation of Li; sNb,NgO (35) unless the
reactants and Ar atmosphere are absolutely oxygen-free.

The volume ratio of Ar(g) to NH;(g) was thought to be
critical for the crystal growth and was controlled carefully in
order to maintain mild reaction conditions. The advantage
of growing nitride crystals under flowing NH;(g) instead of
flowing N,(g) is that the reaction can be carried out at
a lower temperature. Use of NH;(g) may allow many reac-
tions which are otherwise difficult or impossible under
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flowing N,(g) to proceed. Li metal reacts readily with
NH;(g) to form a low-melting amide (melting point, 380°C)
(36) which allows the reaction to proceed in the liquid state.
The reaction temperature, however, must not be too high
since LiNH, vaporizes at elevated temperatures.
Li;Sr,NbN, and Li3Sr,TaN, crystalline isotypically
with Na,Liz;FeO, (37) and Na,Li;GaO, (38). The crystal
structure of Li;Sr,NbN, is shown in Figs. 1 and 2. Selected
bond distances and angles for both structures are given in
Table 4. The layer structure is shown in Fig. 1 with the Li(1)
and Sr atoms omitted for clarity. As shown in Fig. 2, the Nb
and Li(2) atoms are tetrahedrally coordinated by N atoms.
Each NbN, tetrahedron connects three Li(2)N, tetrahedra,
one by edge sharing and two by corner sharing, to form
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Nb N(1) N(2) N(3) Li(2)
FIG.1. NbN, and Li(2)N, tetrahedra in Li;Sr, NbN, share edges and

corners with each other to form layers in the bc plane. The Li(1), Sr(1), and
Sr(2) atoms are omitted for clarity.
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FIG. 2. The structure of LizSr,NbN, showing the layers of Li(2)N,
and NbN, tetrahedra in the bc plane linked by Li(1) atoms. Strontium
atoms are located in channels in the structure.

a two-dimensional layer in the bc plane. A mirror plane
which crosses over atoms Nb, Li(2), N(3), and N(2) can be
detected from the sum of the four bond angles, N(2)-
Nb-N(3) (115.4°), N(2)-Li(2)-N(3) (91.5°), Nb-N(3)-Li(2)
(73.4°), and Nb—N(2)-Li(2) (79.7°), which total 360°. A sim-
ilar situation prevails for the Li(2), Fe, O(2), and O(3) atoms
in Na,Liz;FeO,, where the comparable angles also sum to
360° (37). The X-Li—X angles of the Li-atom tetrahedra in
these nitrides are compared in Table 5 with those of the
corresponding tetrahedra in Na,Li;FeO,. The X-Li(2)-X,
X=0, tetrahedra is slightly less distorted than the corres-
ponding X=N tetrahedra with the reverse situation prevail-
ing for the Li(1) tetrahedra.

The average bond distances for Nb—N and Li(2)-N in
Li;Sr,NbN, are 1.97 and 2.24 A, respectively, close to those
in Li;Ba,NbN, which has an Nb—N distance of 1.95 A and
an average Li-N distance of 2.18 A. The Nb-N bond
distance reported for Li;NbN,, where the Nb atoms are
also tetrahedrally coordinated by N atoms, is also 1.95 A @3).
The average Ta—N bond distance in LizSr,TaN, is 1.96 A,
close to that in Liz;Ba,TaN, which has an average Ta—N
distance of 1.95 A. The tetrahedrally coordinated Li(2) in
Li;Sr,TaN, has Li(2)-N distances of 2.05, 2.19, and 2.48 A
(average 2.24 z&), comparable to the Li(1)-N distances which
range between 2.21 and 2.43 A (average 2.32 /0\) in
Liz;Ba,TaN,.
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TABLE 4
Selected Bond Distance (108) and Angles (deg) in Li,Sr, MN,, M = Nb, Ta
Bond distances Bond angles
M = Nb M =Ta M = Nb M =Ta
M-N(3) 1.96(1) 1.96(2) N(1)-M-N(3) 107.9(3) 108.1(4) 2x)
M-N(1) 1.953(8) 196(1)  (2x) N(@2)-M-N(@3) 115.4(6) 115.7(6)
M-N(2) 2.00(1) 1.97(2) N(1)-M-N(1) 114.5(5) 113.3(6)
Li(1)-N(3) 2.35(2) 233(2) N(1)-M-N(2) 105.7(3) 105.9(6) 2x)
) 2.15(2) 2.16(2) 89.2(8) 89.7(9)
Li(1)-N(1) 2130) 2110) NI-Li-NG) {118.6(9) 119.(1)
Li(1)-N(2) 2.15(2) 2.17(2) N()-Li(1)-N(3) 108.8(7) 108.8(8)
Li(2-N(3) 2.48(3) 2.48(4) N(1)-Li(1)-N(1) 108.1(7) 107.7(7)
Li(2)-N(1) 2.05(1) 2.05(2) 2x) 124.2(9) 124.(1)
Li(2-N(2) 2.18(3) 2.19(4) N()-Li(1)-N@) {107.8(9) 107.(1)
Sr(1)-N(3) 2.70(1) 2.69(1) N(1)-Li(2)-N(3) 104.3(9) 104(1) 2x)
St(1)N(D) {2.954(8) 294(1)  (2x) N(2)-Li(2)-N(3) 91.5(9) 91.(1)
2.836(8) 285(1) (2x) N(1)-Li(2)-N(1) 130. (1) 131.(1)
Sr(1)-N(2) 2.75(1) 277(2) N(1)-Li(2)-N(2) 109.6(9 109.(1) 2x)
Sr(2)-N(3) 2.608(9) 260(1)  (2x) N(1)-St(1)-N(@3) { 8. 8(3) 857G) @x)
Sr(2)-N(1) 2.65(1) 265(1)  (2%) 23 2(3) Zﬁ% ()
]S\;(zé—N(z) 2.767(9) 276(1) (2x) 17270 1723(4) (2x
~Sr(1) 3.466(3) 3.468(2) N(1)-Sr(1)-N(1) 105.21(6) 105.28(6) 2x)
M-Sr(2) 3321(2) 331920 (2x) 81.9(2) 81.7(4)
M-Li(1) 2.74(2) 2732)  (2x) N(1)-Sr(1)-N(2) { 96.2(3) %6.3(3) 2x)
: 85.8(3) 86.003) 2x)
M-Li(2) 2.68(2) 2.68(3) N@3)-Sr(2)-N(3) 99.8(4) 99.8(4)

) 2.97(2) 2.95(2) (2x) 99.0(3) 99.0(4) (2x)
Sr(l)-Li) {2 99(2) 3002 (2x) N{I)-5r@)-NG) { 86.1(3) 86.2(4) 2x)
Sr(1)-Li(2) 2.98(2) 297(3) NC)SHONG) { 85.8(2) 86.0(3) 2x)
Sr(2)-Li(1) 3.28(2) 3280 (2x) 157.2(4) 157.0(4) (2x)

N(1)-Sr(2-N(1) 172.2(4) 171.9(5)
Sr(2)-Li(2) 3.13(3) 3.12(4)  (2x) 1209 708(4) 25)
Li(1)-Li(1) 2.48(3) 2.49(3) N(1)-Sr(2)-N(2) {103 56 103.6() o)
Li(1)-Li(2) 2.40(3) 241(4) N(2)-Sr(2)-N(2) 97.6(3) 97.5(4)
M-N@3)-Li(2) 73.4(7) 73.4(9)
M-N(2)-Li(2) 79.7(9) 80.(1)
The layers formed by the Nb and Li(2)-N tetrahedra are
TABLE S linked together by Li(1) atoms, also tetrahedrally coor-
A Comparison between the X-Li—X Bond Angles . ’ . .
of Na,Li;FeO, (X=0) and Li,Sr,NbN, (X=N) dlnated.by N atoms, to form ‘Fhe thr.ee-dlmensmnal s‘toruf:—
ture (Fig. 1). The average Li-N distance of 2.22 A in
Bond angle X=0 XoN Li3Sr,NbNy is larger than that in Li;Ba,NbN, because one
of the two independent Li atoms in the latter case is three-
X(1)-Li(1)-X(3) 119.5(7) 118.6(9) fold coordinated by N atoms. The threefold coordinated
92.5(6) 89.2(8) Li-N distance in Li;N is 2.106 A (39).
X(2)-Li(1)-X(3) 117.0(8) 108.8(7) The two Sr atoms occupy the channels formed by
X(D-Li(1)}-x(1) 10L.9(7) 108.1(7) N atoms along the ¢ direction (Fig. 2). Their coordination
X(1)-Li(1)-x(2) 1(2)(5)‘;(;) }(2)‘7‘ é(? environments are shown in Fig. 3; Sr—N distances range
X(1)-Li2)-X() 110:28 104, 38 %) from 2.608 to 2.954 A. The resultant oc?tahedra are d.istored
X(2)-Li(2)-X(3) 96.(1) 91.5(9) based on the bond angles presented in Table 4. Figure 4
X(1)-Li(2)-X(2) 103.5(7) 109.6(9) shows the coordination environments for N atoms which

are similar to that of the N(3) atom in Ba;MoN, (15).
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The Li;Sr, MN, structures share some common features
with the previously reported nitrides Li;Ba, MN, (M = Nb,
Ta) (13). In the LizBa,MN, structures, Nb and Ta atoms
and one of two independent Li atoms are also tetrahedrally
coordinated by N atoms. Both compounds have a basic
structure unit in which one M N, tetrahedron connects with
one LiN, tetrahedron by edge sharing. Each M N, tetra-
hedrain Li;Ba, MN, however, only connects two, not three,

Li(2)N, tetrahedra to form a one-dimensional chain, not
a layer as in LisSr,MN, (M = Nb, Ta).

Lattice parameters derived by least squares refinement
(40) of data obtained by the Guinier technique (internal
standard: NBS certified Si, aq = 5.43094(3) A) were a =
8.705(1) A, b =9.0002) A, and ¢ = 6.997(1) A. Observed
and calculated d spacings and intensities are given in
Table 6. The magnetic susceptibility of Li;Sr,NbN, exhibits

TABLE 6
Miller Indices and Observed and Calculated Interplanar Distances and Intensities for Li;Sr,NbN,

h k ! do dse Iy 1.
1 1 0 6.2729 6.2624 19 51
0 1 1 5.5362 5.5300 15 33
2 0 0 4.3564 4.3565 10 20
1 2 0 40075 4.0007 22 39
0 0 2 3.5050 3.5030 8 14
2 1 1 3.4241 3.4221 14 26
2 2 0 3.1314 3.1312 31 51
1 1 2 3.0568 3.0572 18 32
2 2 1 2.8585 2.8587 3 5
1 3 0 2.8392 2.8385 16 16
0 2 2 2.7650 100 {100
3 1 0 2.7637 2.7642 40
0 3 1 2.7596 15
2 0 2 2.7290 2.7299 65 95
1 2 2 2.6355 20
26318 { 50 {
1 3 1 2.6308 56
2 1 2 2.6080 26126 3 4
3 1 1 2.5614 2.5713 8 8
3 2 0 2.4409 2.4408 7 7
2 3 1 2.3319 2.3313 9 13
0 1 3 2.2606 2.2606 3 5
0 4 0 22516 22517 5 6
1 3 2 2.2055 2.2054 8 13
4 0 0 2.1782 2.1783 19 28
3 1 2 2.1675 2.1700 3 6
3 2 2 2.0026 5
3 3 1 2.0005 2.0005 25 29
2 4 0 2.0003 4
0 4 2 1.8928 1.8942 4 5
4 2 1 1.8866 1.8883 5 9
4 0 2 1.8496 1.8498 2 1
0 3 3 1.8414 1.8433 2 3
3 0 3 1.8178 1.8200 2 1
4 1 2 1.8102 1.8120 3 4
1 3 3 1.8019 1.8034 11 17
3 3 2 1.7923 1.7932 19 26
3 1 3 1.7825 1.7839 1 2
1 5 0 1.7626 1.7641 4 6
0 0 4 17511 1.7515 12 23
3 4 1 1.7232 1.7248 4 5

h k I do e I, I,
4 2 2 1.7111 27
1 5 1 1.7100 1.7107 33 21
4 3 1 1.7098 3
2 3 3 1.6970 1.6976 5 8
1 1 4 1.6874 1.6868 2 3
1 2 4 1.6040 1.6045 3 5
4 4 0 1.5648 1.5656 4 4
3 3 3 1.5557 1.5563 6 12
5 1 2 5356 1.5373 6 { 9
3 5 0 : 1.5308 2
2 2 4 1.5279 1.5286 7 13
5 3 0 1.5059 1.5071 4 6
4 2 3 1.4990 1.5017 3 4
3 5 1 1.4944 1.4956 11 13
1 3 4 1.4883 1.4906 3 4
3 1 4 1.4795 9
1 6 0 1.4784 {1.4794 6 { 2
5 3 1 1.4717 1.4734 3 4
2 6 0 1.4193 3
3 4 3 14187 {14154 3 { 1
1 5 3 1.4065 1.4076 7 11
3 5 2 1.4009 1.4027 3 6
0 4 4 1.3825 2
I 1.3807 {1.3821 6 { ;
4 0 4 13635 {1.3650 7 {11
1 6 2 1.3628 5
6 2 1 1.3545 1.3560 2 3
5 4 1 1.3522 3
w1 4 1.3503 {1.34% 3 { 5
3 3 4 1.3418 1
6 0 2 13402 {1.3415 > { 8
2 1 5 1.3182 1.3195 1 3
2 4 4 1.3166 1.3177 2 2
3 5 3 1.2792 1.2803 5 8
5 3 3 1.2649 1.2663 2 2
1 3 5 1.2565 5
5 5 0 12552 {12525 3 { 2
3 6 2 1.2463 2
1 5 4 1.2414 {1.2429 2 { 3

“Calculated from lattice parameters listed in Table 1.
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FIG. 3. Coordination environments of the Sr(1) and Sr(2) atoms in
Li;Sr,NbN,.

a temperature independent paramagnetism between 4 and
300K (average 5.61(5) x 10~ 2 emu/mol). Temperature inde-
pendent paramagnetism (y = 1.53 x 10~ * emu/mol) was
also reported for Ba,NbN; between 20 and 300K (11).

) —2

Sr(2)
Li(2)

Sr(1)

Li(2)

FIG. 4. Coordination environments of N atoms in Li3;Sr,NbN,.
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