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Ternary nitrides, Sr2ZnN2 and Ba2ZnN2, were prepared from 
Sr or Ba along with Zn metal using Na metal and NaN3 as a 
flux and nitrogen source, respectively. The single crystals were 
obtained by slow cooling from 750°C. Since these compounds 
hydrolyze in moist air, the crystals were isolated by washing 
away excess Na with liquid NH3 in an inert environment. The 
structures were determined by single crystal X-ray diffraction: 
tetragonal, space group 1 41mmm with Z = 2, a = 3.8568(2), 
c = 12.935(1) A t and R 1 = 0.049 for Sr2ZnN2, and a = 4.152(1), 
c = 13.055(3) A, and R 1 = 0.039 for Ba2ZnN2. Sr2ZnN2 and 
Ba2ZnN2 are isostructural with Ca2ZnN2 (Na2HgO2 type) and 
contain linear [N=Zn=N] ~- nitridometallate anions. © 199s 
Academic Press, Inc. 

INTRODUCTION 

It is difficult to grow single crystals of many nitrides 
because they dissociate well before they sublime or melt 
(1). Li3N, having a relatively low melting point (813°C), 
is an exception (2, 3). Single crystals of ternary nitrides 
containing lithium, such as Li3FeN2 (4), LiTTaN4 (5), and 
Li7NbN4 (6), have been synthesized using LiaN as a flux. 
Although other alkali metals do not form binary nitrides, 
Jacobs and Hellmann obtained single crystals of MNbN2 
(M = Na and Cs) using alkali amides (MNH2) as a nitrogen 
source (7, 8). These crystals presumably grew in the melts 
of alkali metals which were derived from the decomposi- 
tion of the alkali amides. In the sodium-barium-nitrogen 
system, Simon and co-workers found single crystals of 
subnitrides, NaBa3N (9), Na16Ba6N (10), NasBa3N, and 
Na12Ba7N3 (11). 

In the present paper, we describe the synthesis of 
Sr2ZnN2 and Ba2ZnN2 single crystals using Na as a flux 
and NaN3 as a nitrogen source. NaN3 decomposes to Na 
metal and N2 gas around 300 ° C (12). Sr2ZnNz (tetragonal, 
a = 3.85, c = 12.86 A, space group: I 4/mmrn) was first 
prepared by Kniep (13). The preparation and crystal struc- 
ture of Ba2ZnN2 have not been reported previously. 

1 Current  address: Insti tute for Materials Research,  Tohoku  University,  
Sendai 980-77, Japan. 

z To whom correspondence should be addressed. 

EXPERIMENTAL 

All manipulations were carried out in an At-filled glove 
box. The starting materials used were Sr (Strem Chemicals, 
98% purity), Ba (Aldrich, 99% purity), Zn (Alfa Aesher, 
shot 1-3 mm, 99.9999% purity), Na (Strem Chemicals, 
99.9% purity), and NaN3 (Aldrich, 99.9% purity). Sr 88 mg 
(1 mmole) or Ba 137 mg (1 mmole), and Na 32 mg (1.4 
mmole), NaN3 40 mg (0.6 mmole), and Zn 33 mg (0.5 
mmole) were sealed in an arc furnace under 1 atm of Ar 
in a Nb tube (8 mm diameter, 120 mm length), which in 
turn was sealed in an evacuated quartz tube. The starting 
materials were heated to 300-750°C for 1 hr and cooled 
with rates of 4.5-10°C/hr. 

The products prepared in the Nb tube were washed 
with liquid NH3 to dissolve the Na flux. The washing was 
performed in a glass apparatus that allowed NH3 to be 
distilled on to the sample, then tipped to carry away Na 
in liquid ammonia. The ammonia could then be redistilled 
back onto the sample, leaving the excess Na behind. The 
washing process was repeated until the solution was color- 
less. Some small single crystals were removed for crystallo- 
graphic studies. The remainder of the sample was pow- 
dered in an agate mortar and characterized by powder X- 
ray diffraction (Scintag XDS 2000) using CuKa radiation. 
The metal ratio in the single crystals was analyzed by en- 
ergy dispersive X-ray spectroscopy (EDX) on a scanning 
electron microscope (Jeol 733). 

X-ray single-crystal diffraction photographs were taken 
for the crystals sealed in glass capillaries with a precession 
camera using MoKo~ radiation. X-ray diffraction intensity 
data were collected with a four circle diffractometer using 
graphite-monochromated MoKo~ radiation. Lattice param- 
eters were obtained by least-squares refinement using re- 
flection peaks in the range 23 ° < 20 < 30 °. Parameters of 
the data collections and crystallographic data are summa- 
rized in Table 1. 

Absorption was corrected with an empirical correction 
program (XEMP) (14) using psi scan data. We adopted a 
laminar model since the crystals of Sr2ZnN 2 and Ba2ZnN2 
used for intensity data measurements had flat shapes in 
which the (001) planes were largest. Better results were 
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TABLE 1 
Crystal  Data  and Structure Refinements for Sr2ZnN2 and Ba2ZnN2 

Empirical formula Sr2ZnN2 Ba2ZnN2 
Formula weight 268.63 368.07 
Diffractometer type Siemens P4 Syntex P3 
Monochromator graphite graphite 
Scan type to - 20 co - 20 
Temperature 293(2) K 293(2) K 
Wavelength 0.71073 ~, (MoKa) 0.71073 ,~, (MoKcQ 
Crystal system Tetragonal Tetragonal 
Space group 1 4/mrnm (No. 139) 1 4/mmm (No. 139) 
Unit cell dimensions a = 3.8568(2) ,~ a = 4.152(1) ,~ 

c = 12.935(1) A c = 13.055(3) ,~ 
Volume 192.43(2) ~3 225.06(9) ~3 
Z 2 2 
Density (calculated) 4.636 Mg/m 3 5.431 Mg/m 3 
Absorption coefficient 33.57 mm 1 22.394 mm -1 
F(000) 240 312 
Crystal size 0.09 × 0.06 × 0.03 mm 0.15 × 0.30 x 0.58 mm 
0 range for data collection 5.52 ° to 27.48 ° 3.12 ° to 27.57 ° 
Index ranges - 5 - < h - < 5 , 0 - < k - < 5 , 0 - < l - <  16 0 -< h -< 5, 0 -< k -< 5, 0 -< l <- 16 
Reflections collected 233 158 
Independent reflections 87 ( R i m  = 0.0546) 100 (Rint  = 0.0743) 
Refinement method Full-matrix least-squares on F 2 Full-matrix least-squares on F 2 
Data/restraints/parameters 87/0/10 100/0/10 
Goodness-of-fit on F 2 0.776 0.637 
Final R indices [I > 2 tr(/)] a R 1 = 0.0298, wR 2 = 0.0910 R 1 = 0.0390, wR 2 = 0.1059 
R indices (all data) R 1 = 0.0492, wR 2 = 0.1107 R 1 = 0.0390, wR 2 = 0.1059 
Extinction coefficient 0.004(5) 0.055(9) 
Largest diff. peak and hole 1.027 and -1.497 eA 3 3.079 and -4.637 e A  -3 

on 1 = ~: IIFol - IFcll/~; IFol; wn 2 = [~ w (IF2o - F~l)2/~(wF2o)2]"% w = 1 / t r  2. 

o b t a i n e d  with a h igher  " t a k e - o f f  ang l e "  which r e move s  
high abso rp t i on  ref lect ions  a long the  (001) p lane .  In  o r d e r  
to  min imize  any bias  by  r emov ing  ref lect ions,  t ake -o f f  
angles  of  5 ° and  3 ° were  used  in the  s t ruc ture  r e f inements  
of  SrEZnN2 and  BaEZnN2, which r e m o v e  3 of  90 and  2 of  
102 i n d e p e n d e n t  ref lect ions,  respect ive ly .  

R e f i n e m e n t  was p e r f o r m e d  using S H E L X L - 9 3  (15). Ex-  
t inc t ion  cor rec t ions  were  ca r r i ed  out  dur ing  the  ref ine-  
ments .  T h e  ana ly t ica l  forms of  sca t te r ing  fac tors  for  neu t ra l  
a toms ,  as well  as co r rec t ions  for  bo th  rea l  and  imag ina ry  
c o m p o n e n t s  of  a n o m a l o u s  d ispers ion ,  were  used  as g iven 
in the  S H E L X L - 9 3  sof tware .  

RESULTS AND DISCUSSION 

Prepara t ion  

Single crystals  were  o b t a i n e d  by  slow cool ing  f rom 750 
to 300°C at  ra tes  of  4.5°C/hr (Sr2ZnN2) and  6.4°C/hr 
(BaEZnN2). Be low 300°C, the  samples  were  m o r e  r ap id ly  
coo l ed  to  r o o m  t e m p e r a t u r e  by  shut t ing  off  the  furnace.  
T h e  size of  the  single crystals  was b e l o w  0.1 m m  for 
SrEZnN2. O n  the o t h e r  hand,  single crysta ls  wi th  sizes of  
a b o u t  1 - 2  m m  were  o b t a i n e d  for  Ba2ZnN2. Thin  p la ty  
crysta ls  (~0 .5  × 0.5 × 0.1 m m )  of  Ba2ZnN2 grew by hea t ing  

at 500°C and  by  cool ing  to 100°C at  a ra te  of  6.4°C/hr.  
W h e n  the  sample  mix tu re  was h e a t e d  to  300°C for  1 hr  
and  coo l ed  again  at  6.4°C/hr,  the  p roduc t s  cons i s ted  only  
of  a mix tu re  of  po lycrys ta l l ine  Ba3N2 and  BaZn13. On ly  
po lycrys ta l l ine  Sr2ZnN2 could  be  p r e p a r e d  by  slow cool ing  
f rom 500°C. 

The  single crystals  of  Sr2ZnN2 and  Ba2ZnN2 had  a da rk  
meta l l i c  luster .  T h e  co lo r  of  the  p o w d e r e d  samples  was 
d a r k  r edd i sh  brown.  T h e y  were  sensi t ive to  moi s tu re  and  
hyd ro lyz e d  in air  to  fo rm NH3.  Semiquan t i t a t i ve  E D X  
analysis  showed  tha t  the  Ba  : Z n  ra t io  in the  Ba2ZnN2 crys- 
tals  was 2.1 : 1, which is c lose  to the  idea l  ra t io  of  2 : 1. 

TABLE 2 
Atomic Coordinates and Equivalent Isotropic Displacement 

Parameters  (~2 x 103) for Sr2ZnN2 

Atom Site x y z Ueq 

Sr 4e 0 0 0.3409(1) 7(1) 
Zn 2b 0 0 0 9(1) 
N 4e 0 0 0.1449(12) 7(3) 

Note. Ueq is defined as one-third of the trace of the orthogonalized 
Uij tensor. 
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TABLE 3 
Anisotropic Displacement Parameters (~2 x 103) for SrEZnN2 

A t o m  Ull U22 U33 U23 = g13 = U12 

Sr 7(1) 7(1) 8(1) 0 
Zn 10(2) 10(2) 6(2) 0 
N 10(5) 16(5) 2(6) 0 

Note. The anisotropic displacement factor exponent takes the form -2  
7r 2 [(h a*) 2 Ull + " ' +  2h k a* b* U12]. 

TABLE 5 
Anisotropic Displacement Parameters (~2 x 103) for 

Ba2ZnN2 

Atom Ull U22 U33 U23 = U13 = U12 

aa 12(1) 12(1) 5(1) 0 
Zn 12(1) 12(1) 3(2) 0 
N 16(5) 16(5) 17(10) 0 

Note. The anisotropic displacement factor exponent takes the form -2  
~r 2 [(h a*) 2 Ull + " "+  2h k a* b* U12]. 

Hubbe r s t ey  (16) and Add i son  et al. (17) men t ioned  that  
alkali-earth metals  in Na  solutions enhanced  the solubility 
of  N2 a l though the solubility of  ni t rogen in liquid sodium 
was ext remely  low (7.1 x 10 -9 mole% N at 600°C). They  
studied the ni t rogen solubility in Na-r ich N a - - B a  solution 
since bar ium was part icularly effective in render ing N2 
soluble. Accord ing  to their measurements ,  the N : Ba molar  
ratio in the solution is about  1 :4 .  We  assume then that  
bar ium and s t ront ium play an impor tan t  role in int roducing 
ni t rogen into the melts during the crystal growth of  
Sr2ZnN2 and Ba2ZnN2. However ,  in the case of  Ca, crystals 
of  Ca2ZnN2 could not  be ob ta ined  by this method.  This 
suggests that  calcium does not  enhance  the ni t rogen solu- 
bility very  much  in compar i son  with bar ium or  strontium. 
We also a t t empted  to prepare  crystals of  Zn3N2 under  the 
same condit ions as those used in the Ba2ZnN2 single-crystal 
growth,  but  with no Ba in the melt. The  p roduc t  obta ined  
was the binary intermetall ic NaZn13, ra ther  than a nitride. 

Crystal Structure 

Precession pho tographs  indicated te t ragonal  symmet ry  
and showed a systematic extinction of  h + k + l = 2n + 
1. The  s tructure ref inements  of  SrzZnN2 and Ba2ZnN2 were 
pe r fo rmed  with a NazHgOz- type  s tructure mode l  (space 
group:  1 4 / m m m )  as was repor ted  for Ca2ZnN2 (18) and 
SrEZnN2 (13). Final values of  R 1 for  all data  were 4.9% 
for  Sr2ZnN2 and 3.9% for Ba2ZnN2. A tomic  posit ions and 
anisotropic displacement  parameters  are listed in Tables  
2 and 3 for  SrzZnN2 and in Tables  4 and 5 for  Ba2ZnN2. 

TABLE 4 
Atomic Coordinates and Equivalent Isotropic Displacement 

2 3 Parameters (,~ x 10 ) for Ba2ZnN2 

Atom Site x y z Ueq 

Ba 4e 0 0 0.3443(1) 10(1) 
Zn 2b 0 0 0 9(1) 
N 4e 0 0 0.1411(11) 16(4) 

Note. Ueq is defined as one-third of the trace of the orthogonalized 
Uij tensor. 

Selected in tera tomic  distances for  Sr2ZnN2 and Ba2ZnN2 
are summar ized  in Table  6. 3 

Figure 1 illustrates the structure of  SrzZnN2 and 
BazZnN2. In the structure,  a Zn  a tom is linearly coordi-  
na ted  by two ni t rogen a toms to form a CO2-isosteric IN 
= Z n  = N ]  4-  "dumb-be l l . "  The  b o n d  distances of  Z n - - N  
in Sr2ZnN2 and BazZnN2 are almost  equal  to the Z n - - N  
distance of  1.8418 A in CazZnN2 (18) and the F e - - N  dis- 
tance (1.86(1) ~,) of  [N = F e =  N] 4- dumb-bel ls  in Li4[FeN2] 
(19). Sr and Ba a toms are coord ina ted  by five ni t rogen 
a toms and are close to lying in the square plane of  the 
ni t rogen square pyramid  (Fig. 1). The  average of  the S r - - N  
distances in Sr2ZnN2 is consistent with the S r - - N  distance 
of  2.6118(3) A, in SrzN (20). The  B a - - N  distances in 
BazZnN2 are close to the B a - - N  distances (2.77-3.04 A)  
in Ba3[FeN3] where  Ba a toms are coord ina ted  by five nitro- 
gen a toms (21). The  S r - - Z n  and B a - - Z n  distances are 
comparab le  to those in SrZn5 (3.25-3.92 A)  and BaZn5 
(3.40-3.89 A)  (22). The  B a - - B a  distance agrees well with 
that  in BaZn5 (3.85 .&) and Ba3[FeN3] (3.82-3.92 ,~). The  

TABLE 6 
Selected Interatomic Distances (,~,) for Sr2ZnN2 and Ba2ZnN2 

Sr2ZnN2 Ba2ZnN2 

N--Zn 1.874(15) N--Zn 1.842(14) 
N--Sr 2.536(15) N--Ba 2.653(14) 
N--Sff 2.733(1) N--Ba ~ 2.942(1) 
Sr--Sr ~ 3.602(2) Ba--Ba ~ 3.831(2) 
Sr--Zn" 3.416(1) Ba--Zn a 3.571(1) 

Symmetry transformations used to generate equivalent atoms: x + 
1/2, y + 1/2, - z  + 1/2. 

3 See NAPS Document 05255 for 2 pages of supplementary material. 
Order from ASIS/NAPS, Microfiche Publications, P. O. Box 3513, Grand 
Central Station, New York, NY 10163. Remit in advance $4.00 for micro- 
fiche copy or for photocopy, $7.75 for up to 20 pages plus $0.30 for each 
additional page. All orders must be prepaid. Institutions and organizations 
may order by purchase order. However, there is a billing and handling 
charge for this service of $15.00. Foreign orders add $4.50 for postage 
and handling, for the first 20 pages, $1.00 for each additional 10 pages 
of material, and $1.50 for postage of any microfiche orders. 
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distance be tween  Sr and Sr a toms in Sr2ZnN2 is shorter  
than that  in SrZn5 (4.02 A)  and Sr2N (3.8566(1) ,~), but  are 
in the range of  the S r - - S r  distances observed  in Sr3[AlzN4] 
(3.368-3.772 ,~) (23). 

As  shown in Fig. 2, the crystal s tructure of  Sr2ZnN2 and 
Ba2ZnN2 can also be viewed as a stacking of  ni t rogen- 
centered  metal  octahedra.  The  structure consists of  S r - - S r  
(or B a - - B a )  edge-sharing double  octahedra l  layers l inked 
by sharing of  the apical zinc atoms. 

SrzZnN2 and Ba2ZnN2, as well as Ca2ZnN2, have 
Na2HgO2-type structures. The  +2  ionic radii of  the alkali- 
earth a toms (Ca, Sr, Ba) increase f rom 1.00 to 1.35 .~ (24). 
Oxides having Na2HgOz-type structures crystallize with 
M = Li, Na, K, Rb, and Cs (+1  ionic radius 0.76-1.67 A)  
for MeHgO2 (25), and with M = K, Rb, and Cs (1.38-1.67 
A)  for MeNiO2 (26). It is apparen t  that  the impor tan t  
structural  feature is the linear anion and that  the structure 
easily adapts  to a b road  range of  cat ion sizes. 

To summarize,  the single crystals of  Sr2ZnN2 and 
Ba2ZnN2 were synthesized by slow cooling f rom 750 and 
f rom 500°C, respectively, using Na  as a flux. Single-crystal 
X-ray diffraction analysis revealed that  the structures of  
Sr2ZnN2 and Ba2ZnN2 were the same Na2HgO2 type. We  
expect that  the single crystals of  o ther  new ternary  nitrides 

Z n  

a a Z n  

FIG. 2. Structure of Sr2ZnN2 and Ba2ZnN2 illustrated with nitrogen- 
centered edge and vertex-shared metal octahedra. 

FIG. 1. Structure of SreZnN2 and Ba2ZnN2 where the bonds in the 
[ N = Z = N ]  4 units are emphasized. 

can be obta ined  using Na  flux when a second alloying metal  
is used to solubilize N. We are testing main  group metals 
o ther  than Sr and Ba to see if similar behaviour  is apparent .  
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