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Synthesis and Structure of Two New Layered Ternary Nitrides, SrZrN, and SrHfN
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The new ternary nitrides SrZghand SrHfN have been synthesized by the solid state reactions,bf Bith ZrN

and HfN and characterized by powder X-ray diffraction. Both nitrides form structures in the hexagonal space
groupR3m (SrZrN,, a = 3.37302(5) A.c = 17.6756(3) A,Z = 3; SrHfN,, a = 3.34481(3) Ac = 17.6779(2)

A, Z=3) and are isostructural with-NaFeQ. The structures are constructed of alternating layers of strortium
nitrogen edge-sharing octahedra and either zirconinitnogen or hafniura-nitrogen edge-sharing octahedra stacked
along thec axis. Alternatively, St" can be regarded as occupying octahedral holes between Zgbifthhedral

layers. The title nitrides are essentially diamagnetic at room temperature, consistent with the chemical composition.
These compounds are the first alkaline earth ternary nitrides observed to hawéNtieeQ layered structure.

Introduction metal nitrides, and the majority of group la transition metal
There has been much interest in the chemistry of the ternary giir('jiezrigr?h:zsree?]ﬁ;ugﬁ‘eﬁ?;r'm"i:éolé\z‘oie I\/T(?eCVI)n;reer nary
and higher order transition metal nitrides. Many of these hexagonal la eregd compounds V\Xth Mo or W cobrdinated to
materials have been the subject of speculation regarding their_. Y yered pour . o aoig

six nitrogens in trigonal prismatic coordinatibf!* These

physical properties and potential applications. Preparative rOUteSnitrides are reported to be paramagnetic and metallic in nature.

to ternary nitrides are often practically difficult, and there is no . o -
question that this has previously limited work in this field. -rrer;:tggihowr?:tu ggﬁrlgﬁztﬁgglﬁi\t(ﬁv;h};’n?az Ct:hsg ht:\r/r?as;;rurc"ttl#g:s
Several groups have reported new ternary nitride compoundsNaNINZ (M = Nb, Ta) have the layereg-NaFeQ structurels17

that exhibit a wide range of diverse and often novel crystal . . . .
4 " . In the latter materials both cations are coordinated to nitrogen
structures* In some of these structures, transition metal ions |
in an octahedral geometry.

display unusual oxidation states and/or coordination to nitrogen . e L
Mixed transition metal nitrides such as MNWNCoWN,,

which are often unique to ternary nitride chemistry. For 1819 20 o1 2
example, the families of ternary phasegvViN; (313F8 (A = NiIWN2, "> Fep gMo1.2N,, and FeWN= are layered materials

alkaline earth, M= V, Cr, Mn, Fe) and C&VINs (615P10 (M similar in structure to_LiMoI‘g with alternating Ia_yers of AN

— Fe, Ga, Mn) contain Bt coordinated to three nitrogens and °ct@hedra and MN trigonal prisms. As with LiMoN, these
have structures consisting of sheets of carbonate-likeg#tN ~ Materials are metallic and paramagnetic. Cufatbowever,
planar triangular units separated by alkaline earth cations. OtherCTyStallizes in thex-CuFeQ-type (delafossite) structufé.

nitrides adopt structures seen in carbide and oxide chemistry. Alkaline earth ternary nitrides of the AMNstoichiometry

For instance, CaNiN has the YCoC structure containing Ni(l) are much less well-known. Two structural types have been
in chains of linear Ni-N units that run perpendicular to the reported to date and these are also layered materials. BaCeN
long c axis!! BaVNs, however, forms the orthorhombic Rb IS isostructural with3-RbScQ having Ce(lV) octahedrally

TiO3 structure containing chains of corner-sharing BN coordinated to nitrogen and Baoccupying trigonal prismatic
tetrahedrd? holes?® Remaining known AMN alkaline earth nitrides are
Ternary nitrides of stoichiometry AMN(A = alkali metal, formed with transition metals in group IVa. SrTilind BaZri

alkaline earth metal, or transition metal; ¥ transition metal ~ @re isostrucutral and form materials isotypic with KGo@
or lanthanide) crystallize in a variety of different structures. This Which the layers consist of edge-sharing N or Zr—N square-
stoichiometry is relatively well-documented for ternary alkali Pbased pyramid®:? The alkaline earth ions in these compounds
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are situated between N layers level with the apices of the The space group was deduced tdRBen by considering the observed
pyramids. Magnetic measurements have been performed on theeflections and systematic absences. A starting model was obtained
latter material. Given the nominal stoichiometry, BaZeows by taking the well-documented-NaFeQ structure and substituting
anomalous magnetic behavior, exhibiting temperature-indepen-St. 2" (Hf), and N for Na, Fe-, and O, respectively. A simulated powder
dent paramagnetism between 20 and 300 K. pattern was generated using LA_ZY PULVER#on a PC using the

As part of comprehensive research into the synthesis, Crystalabov.e model and the refined lattice parameters from the PXD data. A
chemistry, and physical properties of terary transition metal convincing agreement between the calculated and observed patterns

L was obtained. Diffraction data suitable for Rietveld refinement were
nitrides, we report here the syntheses and structures of two NeWejjected over the range-8.30° 20 with step size 0.0226. Scans

layered AMN> materials, SrZri and SrHfN. These com- were run for approximately 16 h. Full profile Rietveld refineméhts
pounds are the first examples of alkaline earth metal nitrides of SrzrN\, and SrHfN were performed using the Philips PC RIETVELD
with the a-NaFeQ structure, a structure commonly observed PLUS?233package with the above-NaFeQ-type structures as initial
in AMO, materials. models and with cell parameters obtained from least-squares fitting of
. . PXD data. Peak shapes were modeled using the pseudo-Voigt function,
Experimental Section and the background was refined as a polynomial function in each case.
Starting Material. The starting material @ was prepared by the Initial cycles in the refinements of Srzghind SrHN allowed for
reaction of the molten alkaline earth metal-sodium alloy with dried the variation of the scale factor, zero point, background parameters,
nitrogen at 520°C as detailed in the preparation of other ternary and lattice parameters. As the refinement progressed, atomic positions
strontium nitride phasés'? Molten alkali and alkaline earth metals  gpq peak width parameters were introduced. In final cycles, isotropic
are highly reactive t_o air and water, and these were hqndled under inerttemperature factors were introduced. Attempts to vary temperature
atmospheres at all times. The alloy was made by adding clean Sr metakyctors of atomic sites anisotropically were unsuccessful without a
to molten sodium in a stainless steel crucible at 260n an argon- destabilization in the refinement. Variation of the N site isotropic
filled glovebox. The cooled crucible of alloy was contained in & temperature factor in the refinement of Srifid to a consistent small
stainless steel vessel and heated to 82@inder a positive pressure of negative value being observed. In final cycles this was set to a low

nitrogen, monitored by a pressure transducer, until the gas pressureyqsitive value, similar in magnitude to the metal site temperature factors,
remained constant. Excess sodium was removed by heating under oyt increasingR factors.

vacuum at 400°C for 24 h. Liquid sodium is unreactive toward Taking int nt the anomal maanetic behavior observed in

nitrogen and serves as an inert solvent for the alkaline earth metals. axing into accou € anomajous magnetic benavior observed |

This method produced strontium nitride £S} containing negligible BaZrN; and any possible assc_)mated nitrogen nonsto!chlometry,_ variation

amounts of the alkaline earth oxide. The reaction yielded crystalline of the occupancy of the_ N site was attempted during the re_flnements

samples of purple-black $¥. The identity of SiN was confirmed by of the two strontium nitrides. However, in both cases, varying the N

powder X-ray diffraction (F;XD) site occupancy led to values above 100%, a corresponding decrease of
: the isotropic temperature factor, and destabilization of the refinement.

Synthesis of SrZrN, and SrHfN,. Polycrystalline samples of ; . . A
Srzr\, and SrHfN were prepared by the high-temperature solid state 1 1€ N site occupancy was therefore left fixed at 100%. This is
essentially consistent with the observed magnetic data (see below). It

reaction of the binary alkaline earth nitride and either zirconium nitride o )
(ZrN) (99%) or hafnium nitride (HfN) (99%) powders. All preparations IS Not uncommon for layered AMXphases to exhibit metal site
were carried out in a purified argon-filled glovebox. TheNsand disordering (for example, LiMoNin ternary nitride chemistry),
ZrN (HfN) powders were thoroughly mixed, ground together in a 1:1 €SPecially when the sizes of A and M are similar. - Although, Sr is
molar ratio, and pelleted using a hand press. The pellets were wrappedS®Méwhat larger than Zr or Hf (1.16, 0.72, and 0.71 A for Srt,

in a molybdenum foil tube and placed within stainless steel crucibles @nd Hf", respectively, in 6-fold coordinatior},the possibility was
which were subsequently welded closed under purified argon. The tested in the refinements of the two nitrides. Variation of the site
stainless steel crucibles were fired in a tube furnace at 2Q0fr 5 occupancies indicated only a negligible degree of disorder with no
days under flowing argon to prevent oxidation of the steel and then decrease iR factors and a decrease in temperature factors to the point
cooled at 20°C/h to room temperature, again under flowing argon. Where either or both of the metal siBevalues fluctuated just above
The outer surfaces of the cooled crucibles were mechanically cleaned@nd below zero. The original ordered arrangement was thus retained
to remove any oxidized steel. The cleaned crucibles were then cutin the final model.

open in a nitrogen-filled glovebox. There was no apparent reaction of  Impurity phases of SrO, Ski-Sr, and ZrN (HfN) were simulta-

the nitrides with the Mo tube, and the resulting powders of SpZrN neously refined in each case. Quantitative analysis of the diffraction

and SrHfN were both dark gray/green. data running as part of the PC RIETVELD PLUS package yielded
Characterization and Structure Determination. PXD data were weight percentage values of 5.6% SrO, 5.5% Sr, 1102%4, and 7.2%
collected using a Philips XPER®#—26 diffractometer with Cu K ZrN for SrZrN, and 14.0% SrO, 2.1% Sr, 4.186Sr, and 2.6% HfN

radiation. In each case, the sample was loaded in a nitrogen-filled for SrHfN,, respectively. Observed, calculated, and difference plots
glovebox onto an aluminum slide contained in an aluminum holder for the refinements of SrzrNand SrHfN are shown in Figures 1 and
with a Mylar film window and threaded removable cover with O-ring 2.

seal. This arrangement allowed powder data of air-sensitive materials Magnetic Measurements. Magnetic susceptibility measurements

to be collected without Mylar peaks appearing in the diffraction pattern. yare performed at room temperature using a Johnson Matthey magnetic
Initially ca. 60 min scans were .taken of each sample qv@ smfge susceptibility balance. Samples (ca. 0.15 g) of SeZaNd SrHN

of 5-80° to assess sample purity and to determine lattice parameters. e thoroughly ground and loaded into preweighed silica sample tubes
Purity was assessed by using the IDENTIFY routine as part of the i, an argon-filled glovebox. Sample tubes were filled to a height of
Philips diffraction software package on a PC which allows access 10 5 1 5 ¢m and sealed. After correction for the diamagnetism of the
the JCPDS database. Samples of SezaNd SrHfN were shown o gampie tubes, values for the total mass susceptibjlifyof 3.393 x
contain small amounts of SrO and Sr metal. These impurities are to 105 and 1.705< 107 emu g * were obtained for Srzriand SrHN,

be expected from the starting ratios which generate Sr as an additionalrespectively. The magnetic susceptibilities would appear to suggest
product. Each sample also contained small quantities of the respectiveintrinsically diamagnetic materials with varying amounts of paramag-

group IVa bine_\ry nitride, ZIN or HIN. Th? remaining peaks of each netic impurities (either ZrN or HfN, for example) present in each
pattern were indexed by using a combination of the PC software sample

programs VISSERS DICVOL912728 and TREOR9@®® Lattice pa-
rameters were refined by least-squares fitting of PXD data.
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(27) Louer, D.; Louer, MJ. Appl. Crystallogr.1972 5, 271. (32) Wiles, D. B.; Young, R. AJ. Appl. Crystallogr.1981, 14, 149.
(28) Boultif, A.; Louer, D.J. Appl. Crystallogr.1991 24, 987. (33) Howard, C. J.; Hill, R. JAAEC Rep1986 No. M112
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Figure 1. Observed, calculated, and difference plots for S&ZrN
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Figure 2. Observed, calculated, and difference plots for SrHfN
Results and Discussion and cation coordinatioff. The zirconium and hafnium layered
The final crystallographic results for SrZsnd SrHN are nitrides can be classified by analogy as so-called O3 structures

shown in Table 1. SrZrNand SrHfN are isostructural with where O refers to the octahedral coordination of the A cation
each other and are isotypic witteNaFeQ. The structure is gnd 3 refers to the numbe_r of [M¥ (.X =0, S, or N in this
made up of [ZrN]2- or [HfN,]2~ anions and St cations and |nstapce) sheets present in the unit cell. The nitrogen layer
is a rhombohedral distortion of the NaCl structure type brought packmg f_olloyvs a repeat pattern of ABCABC. Important
about by the ordering of the A and M cations. The octahedral Interatomic d'StanceS and bond angles around_the metal and
[MNJJ2~ (M = Zr, Hf) anions are linked by edges in tiad nitrogen atoms in SrZrNand SerN_z are shown in Table 2.
plane to form layers separated by*Scations in octahedral The octahedral ZeN ar!d HEN anions are pompo;ed of the
holes (Figure 3). Thus alternating Zr (HN and Sk-N group IVa metals coordinated to six equidistant nitrogens at

octahedral layers create infinite sheets stacked along dlxes. (35) Delmas, C.; Braconnier, J. J.; Fouassier, C.; HagenmulleZ. P.
Sheet oxide materials can be classified according to their packing Naturforsch 1996 36B, 1368.
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Table 1. Crystallographic Data for SrZzrNand SrHfN

Inorganic Chemistry, Vol. 35, No. 26, 1996611

Table 2. Selected Bond Lengths and Angles in SrZhd SrHN

SrZrN, SrHfN, SIZrN,
g/pi\'stce group 533%02 . ??4481 . S—N/A  N—Sr—N/deg SeN-Sr/deg  StN-—Zr/deg
oA e 67568 1 67798 2.609(3)x6  180.0(1)x3  80.518(6)x2  170.06(1)x3
atom (site) ' ' 99.48(8)x6  80.514(6) 91.929(1x4
S (3a) 80.52(8)x 6 91.935(1)x 2
; 8 8 Zr—N/A N—2Zr—N/deg Zr-N—-Zr/deg
z 0 0 2.292(2)x6 180.0(1)x 3 94.791(7)x2
B2 0.33(4) 0.03(2) 94.79(9)x 4 94.785(7)
Zt/Hf (3b) 94.78(9)x 2
X 0 0 85.20(9)x 4
y 0 0 85.21(9)x 2
z 0.5 0.5
B2 0.21(4) 0.05(2) SrHfN,
N (6¢) o o Sr—N/A N—Sr—N/deg SFN-—Sr/deg  S+N—Hf/deg
X
v 0 0 2.602(3)x6  180.0(1)x3  79.984(7)x2  169.78(1)x3
Z 0.2350(2) 0.2346(3) 100.01(9)x4  79.980(7) 92.226(2x4
Ba 0.24(9) 0.02 100.02(9)x 2 92.231(2)x2
79.98(9)x 6
R/% 1.10 1.97
Ro/% 5.43 5.17 Hf—N/A N—Hf—N/deg Hf-N—Hf/deg
Rup/% 7.38 7.64
94.7(1)x6 94.682(9)
aWhereB = 43[a?By; + b?By, + ¢?Bsz + ab(cos y)Bi, + adcos 85.3(1)x6

ﬂ)Bm + bC(COS (1)823].

distances are 2.258 A in kM, and 2.263 A in H{N3.3" The
only reported ternary alkali metal or alkaline earth metal
zirconium or hafnium nitrides are 34rN,, LioHfN,,3840 and
BaZrN,.25 The lithium zirconium nitride was characterized
recently by powder neutron diffractidfi. Zirconium is coor-
dinated to nitrogen in a regular octahedral geometry with a Zr
—N bond distance of 2.253(2) A. This distance is shorter than
that observed in SrZrlN The mean Z+N distance of 2.16(1)
k-* A in BaZrN,,2® where Zr is in a square-based pyramidal
coordination to N, is shorter still. The discrepancy in bond
distances may be indicative of the degree of multiple-Kr
bonding in the nitrides but may also suggest a small degree of
Sr/Zr disordering over the two metal sites in SrarN
The nearly identical strontiumnitrogen distances in the
compounds (2.609(3) and 2.602(3) A in the zirconium and
hafnium nitrides, respectively) are quite short when compared
to those observed in other strontium ternary nitrides. Again,
this may imply a low level of Sr/Zr(Hf) site disorder. -SN
bond lengths are typically of the order of2.7 A in ternary
nitrides. For example, mean-SN bond lengths of 2.723(9),
2.739(1), and 2.798(11) A are found ins®iNN3,6 SrCrN38
and SpVN3,2respectively. The S¢N distances in SrZrNand
SrHfN, are more on a par with the mean-9M distance

i , _ observed in the binary nitride St (2.6118(3) A)*
Figure 3. Structure of SrZrMN (SrHfN,) viewed perpendicular to the It i th ti t thi int. h the structural
long ¢ axis. The unit cell is indicated by the dashed lines. Large spheres _'* 1S WOrth noting at this point, however, the structura
represent nitrogen atoms, medium spheres represent strontium atomsSimilarities between the two STMNM = Zr, Hf) nitrides and
and small spheres represent zirconium (hafnium) atoms. SrN. The latter has thanti-CdCh structure. This is essentially

) ananti-a-NaFeQ structure with the (0, 0Y,) (M) site vacant.
2.292(2) and 2.273(2) A for Srzg\and STHN, respectively.  Hence, although the N and Sr sites are interchanged in SrMN
There is some distortion with NZr(Hf)—N angles deviating

nere - ! (M = Zr, Hf) and SgN, the SN coordination environment is
significantly from 90 (six N—Zr(Hf)—N angles of ca. 95 six very similar. The octahedral arrangement of nitrogen around
N—Zr(Hf)—N angles of ca. 85. As might be expected from

! ) - RS : strontium in SsN is also distorted in the equatorial plane, with
the relatively small difference in ionic radius forZrand Hf*" supplementary StN—Sr angles 84.83(2) and 95.17{2} The
(0.72 and 0.71 A, respectivély), there is no great disparity in

- ) : . equivalent N-Sr—N angles in SrZrN and SrHfN are ap-
the M—N bond lengths in the respective-MN anions. This is
reflected in the overall structures where thandc parameters (36) Christensen, A. NActa Chem. Scand975 A29, 563.
are close in value and the cell volumes are very similar in size (37) Rudy, E.Metall. Trans.197Q 1, 1249.
(~174 and~171 A3 for SrZrN, and SrHfN, respectively). (38) Palisaar, A. P.; Juza, R. Anorg. Allg. Chem1971, 384 1.
The metat-nitrogen distances compare well to those seen in (39) Elaerger' M. G.; Alexander, I. CI. Chem. Soc., Dalton Tran$974
binary phases of zirconium and hafnium with nitrogen. The (40) Niewa, R.: Jacobs, H.: Mayer, H. M. Kristallogr. 1995 210, 513.

Zr—N distance in ZrN is 2.292(1) Rwhereas the mean HIN (41) Brese, N. E.; O’Keeffe, MJ. Solid State Chen1.99Q 87, 134.
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Figure 4. Plot of ionic radius of M against ionic radius of A in selected AM@K = O, N) compounds. Dashed lines show approximate phase
boundaries according to ref 44. lonic radii are taken from ref 34.

proximately 80 and 100 This increased octahedral distortion, tion state of 1.5 and bond-valence calculations from neutron
coupled with slightly shorter StN bond lengths, leads to  diffraction data yield a calculated valence of 1.228pth values
reduced (StN) layer thicknesses in SrZeN(~2.41 A) and are well below the anticipatett2 state.

SrHfN, (~2.40 A) compared to SN (2.73 A). The interlayer Conversely, transition metal valences are typically higher than
distances in SrzZriand SrHfN are 3.476(6) and 3.489(11) A expected in ternary nitrides as a result of shorter than anticipated
As might be expected, these distances are considerably shortepond distances. This is assumed to be a factor of multiple

than the equivalent distance between$t layersin SIN (4.17  metal-nitrogen bonding. In these instances, the bond-valence
A) reflecting th(_e electrostatic repulsion between Sr layers in parameters (which assume essentially ionic, or at tleasands)
the latter material. are too large. For example, in the nitridochromategQthls,3

Nitrogen is coordinated to three strontium atoms and three SCrN,;8 and BaCrNs,8 the calculated chromium oxidation
zirconium (or hafnium) atoms in a distorted octahedral geometry. states are 3.47(7), 4.17(3), and 4.1(1), respectively.
The octahedron is elongated toward the plane of three Sr atoms. Tn4t these trends are not observed in SeZaNd SrHN

The octahedron is “stretched” aloagpward the Sr atoms (three perhaps suggests two things: first, that the transition metal

Sr—N—Sr angles 0f~80.5) and compressed alorgin the nitrogen bonding is essentialytype (with bond lengths similar
direction of the Zr (Hf) atoms (three ZN—Zr angles of {5 {hose seen in the equivalent binary nitrides) and, second, that
~94.8). there is some degree of metal site disordemnsequently AN

_ Bond-va!ence calculations were performed for the two ternary ponds are on average shorter ane-Ni bonds are on average
n|tr|de§ using the bond-length parameters proposed by Brese‘Iongerthan might be envisaged. Bond-valence sums calculated
and O'Keeffe for COTAEOUMS with anions other than oxygen, rom the crystallographic data for the other known ternary
fluorine, or chlorine??43 The bond valence parameters used pjgridozirconates indicate a varying degree of multiple-Er
for SN, Zr—N, and HF-N were 2.23, 2.11, and 2.09 A, ponding. In BazrN25 the Zr site valence is large, 4.4(1) as
respectively. The calculations resulted in Sr, M, N site valences opposed to a value of 4.07(2) inZirN,.

of 2.15(2), 3.68(2), 2.92(2) and 2.19(2), 3.65(2), 2.93(2) in .

SrZrN, and SrHfN, respectively. The bonding environment lThde st(;uctléris ofbthe Ie;]yered c_>xm(ijes, dA"ifan;?‘ (\j/vgll

changes little by replacing Z¥ by Hf**, as might be expected elucidated and have been characterized and classitied in terms
’ of ionic radii, interlayer separation, and ionicf3** As yet,

from size arguments. In each case, the site valences for Zr orthe number of known AMMternary nitrides is comparatively

Hf and N are low whereas the site valence for Sr is high. . S ..
. . mall, but on the basis of ionic radii, some of the same general
These results are unusual in the sense that alkaline earth meta -
S structural trends would seem to apply (Figure 4). For example,
valences are commonly lower than expected in binary and

< . S if the ionic radii of S#*, Zr*t, Hf4" in a six-coordinate
ternary nitrides whereas transition metal oxidation states are . - . .
. environment* are considered (assuming the relative values of
often higher than expected. Anomalous values for calculated - . 20
: the radii to be essentially unchanged in nitrides compared to
valences are a reflection of shorter or longer than expected

metal-nitrogen bonds or unexpected formal oxidation states. oxides), SrZrN and SrHfiy would be expected to lie in the
In the case of alkaline earth metals, it has been suggested that
low values are a consequence of a lower oxidation state rathergig Eﬁgzg' H E 8,?2222' mJAcgmésgtzrl?c;gSrol%gilB%ljﬁ1%2226'

than longer than anticipated metatitrogen bond lengths. For  (44) pelmas, C.; Fouassier, C.; HagenmullerMater. Res. Bull1976

example, in SiN, the nominal stoichiometry implies an oxida- 11, 1483.
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o-NaFeQ region of the M (n = 3, 4, 5) vs A" (m= 1, 2) K, respectivelyf> For the ternary phases not to exhibit intrinsic
graph. NaNbM, shown to crystallize with the-NaFeQ (O3) diamagnetism, vacancies would have to be created in the lattice.
structurel’ would also lie in this region. LiMoB however, Any extent of vacancies on the metal sites would lead to
which forms the P3 structure (where P denotes trigonal prismatic improbably high transition metal oxidation states. Reduction
A coordination) adopted by nonstoichiometric phases such asof the nitrogen site population would decrease the M valence
KxCoO, (x < 1), is placed just within the-LiFeO, region close (and increase the d electron configuration), but no evidence of

to the a-NaFeQ boundary. Similarly, BaCe) with the this is seen in the structural refinement. Certainly, in oxide
B-RbScQ structure, is not situated within tieRbScQ region chemistry this structure type is most favorable when the A cation
as might be expected, but is found within deNaFeQ section ~ Stoichiometry is close to 1 and no anion vacancies are observed.

of the graph. These inconsistencies perhaps highlight the Furthermore, no cation or anion vacancies are o_bseryed ?n the
structure of NaNbi'” However, powder X-ray diffraction is
limited in its ability to accurately detect small vacancy levels
of light elements, and we hope to be performing powder neutron
diffraction experiments on the nitrides in the near future.

differences in the nature of the bonding between some nitrides
and oxides of the same stoichiometry. In this respect, a structure
map taking into account metahnion bond distances is probably
more useful than one based purely on “ionic” radii.
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these binary nitride phases are paramagnetic at room temperaturg45) Toth, L. E.Transition Metal Carbides and Nitridefcademic Press:
and superconducting at low temperatuife £ 10.0 and 8.83 New York, 1971.




