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Abstract: Pure, solvent-free Zn(N3)2 was prepared by reac-

tion of diethyl zinc and hydrazoic acid in aprotic solvents.
The single-crystal structure determination, along with the

comprehensive characterization of a-Zn(N3)2 and two meta-
stable polymorphs, could be achieved for the first time.

Since these data disagree in large parts with the known, pre-

viously reported values, all previous syntheses of Zn(N3)2,
and for comparison Zn(N3)2·2.5 H2O and Zn(OH)N3 were rein-

vestigated, indicating that some of the earlier work has to
be revised.

Introduction

Zinc azide, Zn(N3)2, has been known for more than 100 years,
and its existence never been doubted.[1, 2] However, a closer

look into the literature reveals that zinc azide has scarcely

been characterized, and dependent on the method of prepara-
tion, only inconclusive or even contradictory analytical data

can be found, while structural information is completely miss-
ing.[3] First attempts to prepare Zn(N3)2 by aqueous methods

were carried out by Curtius and Rissom in 1898.[1] However,
the reactions of elemental zinc with aqueous hydrazoic acid
HN3, or treatment of barium azide with zinc sulfate in water,

always resulted in the precipitation of basic zinc azides
Zn(OH)2¢x(N3)x (x = 0.9–1.0), which indicates that Zn(N3)2 is

easily hydrolyzed in solution (Scheme 1).[1,4c]

The formation of such non-stoichiometric zinc hydroxide
azides was later confirmed by several groups, and it proved

difficult to obtain the pure parent compound Zn(OH)N3 (x = 1),
since x can take all values between 0.67 and 1.0, depending on
the reaction conditions and sample preparation.[4, 5] Neverthe-

less, in 1957, Feitknecht and Zschaler could demonstrate on

the basis of powder X-ray data that a specific Zn(OH)N3 phase,
which obeys this exact constitution, can be prepared.[5]

The first successful isolation of hydrated zinc azide with the
putative formula Zn(N3)2·2 H2O, obtained from the reaction of

basic zinc carbonate Zn5(CO3)2(OH)6 and excess hydrazoic acid

in water, was reported by Sood and Yoganarasimhan in 1971
(Scheme 2).[6] Already in 1975, the composition was corrected

to Zn(N3)2·3 H2O on the basis of powder X-ray diffraction data
by Krischner and Winkler.[7] Finally, more than 20 years later,

a single-crystal structure determination by Krischner and Maut-
ner revealed that the correct formula corresponds to
Zn(N3)2·2.5 H2O.[8]

The analogous ammonia compound Zn(N3)2·2 NH3 has been
known since 1907,[9a] and is conveniently prepared by the reac-
tion of potassium azide and zinc nitrate in liquid ammonia, as

shown by Agrell and Vannerberg.[9c] In 1971, they were able to
determine the single-crystal structure, which displays a molecu-

lar assembly of tetrahedrally coordinated zinc centers in the
solid state.[9b,c] Only recently, Schnick, Kraus, and co-workers
presented a new synthesis for Zn(N3)2·2 NH3, starting from ele-

mental zinc and silver azide in liquid ammonia (Scheme 2).[2]

Furthermore, it could be demonstrated that thermal treatment

in vacuo for several days resulted in the release of ammonia,
yielding zinc azide with an approximate purity of 95 %,[2, 10] as

deduced from elemental analysis and IR spectroscopy. Howev-
er, no further analytical data was supplied. Likewise, the dehy-

Scheme 1. Synthesis of aqueous Zn(N3)2 and hydrolysis to Zn(OH)2¢x(N3)x.

Scheme 2. Preparation of Zn(N3)2·2.5 H2O, Zn(N3)2·2 NH3, and Zn(N3)2.
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dration of zinc azide hydrate with P4O10 was described by Yo-
ganarasimhan et al. (Scheme 2), and beside a correct elemental

composition, DTA data (DTA = differential thermal analysis), IR
spectra, and powder diffraction data were reported.[11] In con-

trast, Winkler and Krischner found that zinc azide obtained by
dehydration still contained a considerable amount of hydrox-

ide and water, which was further supported by the published
IR data.[12]

As early as 1917, the synthesis of binary Zn(N3)2 was ach-

ieved by Wçhler and Martin in the reaction of freshly prepared
zinc carbonate or basic zinc azide with dry, ethereal hydrazoic
acid (Scheme 2).[13] Zinc azide prepared by this procedure was
found to contain only negligible amounts of hydroxide groups

or residual water, and was very sensitive to friction and shock,
as was later confirmed by Winkler and Krischner.[12] Moreover,

the latter were able to record powder X-ray diffraction data,

which, however, differed considerably from the earlier data
published by Yoganarasimhan and Jain (see above).[11a, 12]

Results and Discussion

Synthesis of Zn(N3)2

As already mentioned by Richter, it appears that pure zinc
azide has never been isolated, because all methods of prepara-

tion involved water or nucleophilic solvents at some stage.[14]

To exclude hydrolysis during the synthesis, we decided to pre-

pare binary zinc azide by means of an alkyl/azide exchange re-

action in diethyl zinc (Scheme 3).[15]

In a first attempt, an excess of hydrazoic acid HN3, generated
by reaction of stearic acid and sodium azide in the melt, was
condensed onto a frozen solution of commercially available di-

ethyl zinc in n-hexane in vacuo. Upon warming to ambient
temperature the vigorous formation of a voluminous precipi-
tate was instantly observed, which was easily separated from
the solvent by decantation followed by drying at 70 8C in

vacuo. Colorless Zn(N3)2 prepared this way, was found to be
highly amorphous; however, subsequent thermal treatment in

fluorobenzene at 120 8C for 12 h under endogenous pressure
in a sealed glass ampoule yielded a microcrystalline material,
which was well suitable for powder X-ray diffraction (Support-
ing Information, Figure S1).[15] Finally, we found that Zn(N3)2 is
more conveniently prepared by simple addition of ZnEt2 in n-

hexane to a stirred solution of dry ethereal hydrazoic acid (1 m)
at 0 8C (Scheme 3). The reaction also proceeded within a few

seconds, and after workup, pure, microcrystalline zinc azide

(yields: 90–95 %) is obtained, which proved to be identical to
the material obtained before, as deduced from the powder dif-

fraction data. The latter could be indexed in accord with the
monoclinic space group P21/n, which differs however from the

published data of Yoganarasimhan and Jain, as well as Winkler
and Krischner, both providing orthorhombic, yet different lat-

tice parameters.[15, 11a, 12] This discrepancy provoked us to re-ex-
amine the previously reported syntheses of Zn(N3)2.

Therefore, we intended the direct syntheses of
Zn(N3)2·2.5 H2O and Zn(N3)2·2 NH3 starting from Zn(N3)2 in the

corresponding solvent (Scheme 3).[15] While the NH3 diadduct
could easily be prepared by dissolution of neat Zn(N3)2 in

liquid ammonia at ¢40 8C, followed by slow evaporation of sol-
vent, the preparation of the analogous hydrate compound
proofed somewhat more elaborate. If a saturated solution of

zinc azide in aqueous concentrated hydrazoic acid (5 m) was al-
lowed to cool slowly from 60 8C to ambient temperature, sur-

prisingly, the deposition of large colorless needlelike crystals of
Zn(N3)2, suited for single crystal X-ray structure determination,

instead of the expected Zn(N3)2·2.5 H2O was observed
(Figure 1). However, the envisaged zinc azide hydrate, was also

accessible in good yields as colorless needle-like crystals by the

same procedure, if diluted hydrazoic acid (2–3 m) was applied

(Scheme 3). In accordance with previous reports, we observed
that aqueous solutions of Zn(N3)2, which were not acidified

with HN3, readily precipitated highly amorphous basic zinc
azide with the approximate composition Zn(OH)2¢x(N3)x (x =

0.8–0.9) upon evaporation of solvent.[15] Besides b-Zn(OH)N3,
which could be obtained by very slow evaporation of an aque-

ous solution of Zn(N3)2 for several days, we found that thermal
treatment of amorphous basic zinc azides at 120 8C for five
days in a PTFE coated steel autoclave resulted in the formation

of microcrystalline a-Zn(OH)N3, which was well-suited for
powder X-ray diffraction. In accord with the findings by Feit-

knecht and Zschaler, the data could be indexed and studied
by means of a Rietveld refinement in the trigonal space group

R3̄m (see below).[15] However, a structure solution of a-

Zn(OH)N3 by charge-flipping and successive difference Fourier
syntheses in the alternative polar space group R3 m, suggests

the presence of ordered N3/OH layers in the structure, in analo-
gy to b-Zn(OH)N3 which could be refined in space group

P63mc, in accord with the previous reports (Figure 4).[5, 15] In
contrast, the N3/OH positions in the structure of a-Zn(OH)N3

Scheme 3. Preparation of solvent-free Zn(N3)2.

Figure 1. Left : Perspective view of the one-dimensional chains of a-Zn(N3)2

in the crystal (view along [001]). Right: (top) ORTEP of the coordination
sphere of a-Zn(N3)2 in the crystal. Ellipsoids set at 50 % probability at 173 K
(symmetry codes: (i) x + 1, y, z ; (ii) ¢x + 1, ¢y, ¢z + 1). Right (bottom): Per-
spective view of the unit cell of a-Zn(N3)2 (view along [100]).
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were necessarily statistically disordered in the centrosymmetric
space group R3̄m (Supporting Information, Table S6).[5, 15]

In agreement with the previous findings, both Zn(N3)2·2 NH3

and Zn(N3)2·2.5 H2O released the vast bulk of solvent upon

thermal treatment in vacuo at 60–130 8C, and 60–100 8C, re-
spectively.[2, 11, 12] Astonishingly, the material obtained this way,

just as the product from simple dehydration of Zn(N3)2·2.5 H2O
with P4O10 for several days, were almost identical according to
vibrational spectroscopy (IR/Raman).[15] However, owing to its
amorphous nature, zinc azide prepared by these procedures
was not suited for powder X-ray diffraction and always con-
tained traces of hydroxide impurities, or displayed residual N¢
H vibrations, respectively, as deduced from the IR spectra (Sup-
porting Information, Figures S21, S22). Nevertheless, repeated
slow heating to about 200 8C resulted in the formation of

roughly pure, microcrystalline Zn(N3)2, which, according to vi-

brational spectroscopy and powder diffraction, proved identi-
cal to our previously observed modification of Zn(N3)2, which

will be denoted as a-Zn(N3)2 in the following.[15] In contrast, we
found that upon singular heating, amorphous zinc azide, ob-

tained from dehydration of Zn(N3)2·2.5 H2O, smoothly converts
into crystalline material at about 136 8C, which differs consider-

ably from a-Zn(N3)2, as further supported by DSC measure-

ments, as well as high-temperature powder X-ray diffraction
experiments (Supporting Information, Figures S9, S15). The

powder X-ray data could be indexed in agreement with a trigo-
nal unit cell (a = 5.99364(8), b = 19.0427(3) æ), which was later

confirmed by a single crystal structure determination in space
group P3221 (see below), displaying a metastable polymorph,

denoted as b-Zn(N3)2 hereafter (Figure 2). It is interesting to

note that b-zinc azide was also obtained if any of the Zn(N3)2

modifications was carefully heated to approximately 350 8C in

a sealed tube, leading to a turbid, off-white melt, which gently
evolved gaseous nitrogen at that point, followed by expedi-

tious cooling to ambient temperature, resulting in a pale
brownish, but polycrystalline substance.[15]

In a next series of experiments, we reinvestigated the prepa-

ration of Zn(N3)2, starting from dry ethereal hydrazoic acid HN3

and ZnCO3 or Zn(OH)N3 as invented by Wçhler and Martin

(Scheme 3), as well as after-treatment of amorphous zinc azide,
obtained from dehydration of Zn(N3)2·2.5 H2O with ethereal
HN3 as described by Winkler and Krischner, respectively (see
above).[13, 12] The conversion of zinc hydroxide azide or amor-

phous zinc azide proceeded quantitatively within three days at
ambient temperature. During the course of the reaction, the
supernatant was removed each day by decantation and re-

placed by fresh ethereal hydrazoic acid.[15] In contrast, the reac-
tion of dry ZnCO3 was found to be rather slow, and still not

complete even after one week, in accord with previous find-
ings.[13] However, the colorless, microcrystalline materials ob-

tained could unequivocally be identified as phase pure a-

Zn(N3)2 by means of powder X-ray diffraction, and surprisingly,
traces of hydroxide or water were completely absent in the vi-

brational spectra (IR/Raman). Moreover, we were able to identi-
fy a further labile polymorph, denoted as g-Zn(N3)2, which is in-

itially formed as intermediate during the course of the reac-
tions of ZnCO3 or Zn(OH)N3 in Et2O, as deduced from the

powder X-ray pattern of the dried reaction residue obtained

after one day (Figure 2; Supporting Information, Figure S6).[15]

Small crystals of g-Zn(N3)2 suitable for X-ray structure deter-

mination and Raman spectroscopy could finally be grown on
the surface of a thin layer of neat Zn(OH)N3, which was in con-

tact to dry, gaseous HN3 from ethereal solution. Thereby, only

tiny amounts of g-Zn(N3)2, which crystallizes in the monoclinic
space group C2, could be manually separated under the micro-
scope after 12 h, while longer reaction times or physical stress
led inherently to the complete transformation into polycrystal-

line a-Zn(N3)2, comparable to b-Zn(N3)2.[15]

Since all reactions in ethereal hydrazoic acid yielded exclu-

sively a-Zn(N3)2 as final product, it is quite reasonable to con-
clude that the powder X-ray data of Winkler and Krischner
were erroneously indexed, which is further supported by the

similar lattice parameter and the tripled a axis (compare a-
Zn(N3)2 : P21/n, a = 3.4587(3), b = 16.3546(15), c = 6.9548(6) æ,

b= 95.444(5)8 ; vs. Pcmn, a = 10.98(2), b = 6.92(2), c =

16.33(2) æ).[15, 12] This finally left the question as to why the ana-

lytical data (DSC, IR), as well as the reported powder X-ray data

of Yoganarasimhan and Jain, indexed in an orthorhombic lat-
tice (a = 7.35, b = 4.37, c = 15.23 æ) were also inconsistent with

our findings. However, a comparison of the published reflec-
tion data with the powder pattern of the basic zinc azides re-

vealed that the reflections match considerably the X-ray pat-
tern of b-Zn(OH)N3 (Supporting Information, Figure S14), which

Figure 2. Left : Perspective view of the unit cells of b-Zn(N3)2 (top, view
along [010], symmetry codes: (i) y¢1, x, ¢z ; (iv) x¢y + 1, ¢y + 2, ¢z + 1/3)
and g-Zn(N3)2 (bottom, view along [110], symmetry codes: (i) ¢x + 1/2, y + 1/
2, ¢z + 1; (iv) ¢x, y, ¢z). Right: ORTEPs of the coordination spheres of b-
Zn(N3)2 (top) and g-Zn(N3)2 (middle) in the crystal. Ellipsoids set at 50 % prob-
ability at 173 K (b-Zn(N3)2) and 60 % probability at 123 K (g-Zn(N3)2). Right
(bottom): Top view of the two dimensional layer of g-Zn(N3)2 in the crystal.
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is further supported by the spectroscopic data (see below).[11, 15]

Moreover, we found that the precipitation of zinc azide from

strongly acidic aqueous solutions by addition of excess ace-
tone yielded again only basic zinc azide after drying, instead of

the expected pure azide, as reported by Yoganarasimhan and
Sood.[16]

Spectroscopic data

Pure a- and b-Zn(N3)2 were found to be very sensitive to fric-
tion and shock, and both azides violently explode with
a bright blue flash of light on fast heating or ignition. Never-
theless, on slow heating rates (<208/min), both compounds

smoothly decomposed exothermally under release of N2, there-

by melting between 335–338 (a-Zn(N3)2) and 327–330 8C (b-
Zn(N3)2), respectively, in contrast to the reported decomposi-

tion point of 289 8C obtained by Wçhler and Martin.[17]

The slow thermal treatment of zinc azide up to 400 8C under

argon in a sealed glass tube yielded a black residue, which
could be identified as zinc nitride Zn3N2 by means of powder

X-ray diffraction (Supporting Information, Figure S5), whereas

heating in moist air resulted in hydrolysis yielding pure zinc
oxide ZnO and HN3. Thereby, only traces of basic zinc azides,

as previously assumed in literature,[4d,f,5] could be observed in
the X-ray powder pattern during decomposition, which dis-

played mainly a mixture of ZnO and Zn(N3)2 (Supporting Infor-
mation, Figure S8).[15] In contrast, both a- and b-Zn(OH)N3 were

almost insensitive to friction and shock, and found to be rea-

sonably stable in air for several months, albeit slow decompo-
sition under release of hydrazoic acid was noticed. However,

upon slow heating under argon, both modifications gently de-
composed endothermally under release of HN3 in the range

217–219 (a-Zn(OH)N3) and 219–221 8C (b-Zn(OH)N3), yielding
pure ZnO, while fast heating resulted in an explosion.[15]

As illustrated in Figure 3, all considered azides can easily be

distinguished by means of vibrational spectroscopy. The ATR-IR
and Raman spectra of a-, b-, and g-zinc azide feature the pres-

ence of azido ligands, as indicated by the antisymmetric
stretching mode (nas(N3) ; 2187–2028 cm¢1, Table 1), the sym-

metric stretching mode (ns(N3) ; 1427–1248 cm¢1), and the de-
formation mode of the N3-unit (g/d(N3) ; 629–579 cm¢1). The ex-
istence of more than one azido ligand results in in-phase (i.p.)
and out-of-phase (o.p) coupling of vibrational modes (Table 1

and Figure 3). Moreover, combination modes of antisymmetric
and symmetric vibrations nas +ns(N3) can be found in the IR
spectra between 3465–3348 cm¢1, while the out-of-phase N-

Zn-N stretching mode (no.p.(N-Zn-N)) in the range 711–
683 cm¢1, as well as the in-phase vibrational mode (ni.p.(N-Zn-

N)) between 413–328 cm¢1 can be identified in the IR and
Raman spectra, respectively (cf. ni.p./no.p.(N-Cd-N) in Cd(N3)2 :

329–248 cm¢1; ni.p./no.p(N-Hg-N) in a-Hg(N3)2 : 434–

349 cm¢1).[15, 18] In contrast, for amorphous Zn(N3)2 obtained by
desolvation of Zn(N3)2·2.5 H2O or Zn(N3)2·2 NH3, respectively,

only broad vibrations are observed, which however cover the
same range as found for the crystalline phases (Figure 3). It

should be noted that these amorphous samples always display
residual O-H/N-H vibrations in the IR spectra (see above),

which in contrast, are completely absent in pure, crystalline
zinc azides.[15] On the other hand, the IR-spectra of basic zinc

azides show a broad O-H stretching mode at 3564 for a-, and
at considerably lower wave number of 3527 cm¢1 for b-

Figure 3. Antisymmetric and symmetric stretching modes (Raman spectra)
of the N3 units (nas N3 and ns N3). Zn(N3)2* denotes amorphous zinc azide
from dehydration of Zn(N3)2·2.5 H2O.

Table 1. Selected crystallographic and structural data from single crystal
analyses, melting points, and IR and Raman data.[a]

a-Zn(N3)2 b-Zn(N3)2 g-Zn(N3)2

Space
group

P21/n P3221[i] C2[j]

1calc.
[b] 2.559 2.536 2.518

Zn–N[c] 1.986 cs[e,f]

2.037 es[e]

2.002[f]

1.981 m2(1,3)
[f]

2.005[f]

1.992 m2(1,3)

Na–Nb
[c] 1.228 cs

1.215 es
1.227
1.165 m2(1,3)

1.232
1.168 m2(1,3)

Nb–Ng
[c] 1.129 cs

1.138 es
1.135
1.165 m2(1,3)

1.138
1.168 m2(1,3)

Zn···Zn[c,d] 3.083 cs
3.459 es

3.576
5.745 m2(1,3)

3.573
5.5142 m2(1,3)

N-Zn-N[c] 81.58–121.12 95.68–123.86 101.00–
118.33

Na-Nb-Ng
[c] 179.05 cs

179.45 es
179.90
174.74 m2(1,3)

179.28
174.70 m2(1,3)

M.p.[g] 335–338 327–330 –[h]

IR nas(N3) 2141, 2120 2164, 2134, 2115, 2091,
2028

–[h]

Raman
nas(N3)

2187, 2170, 2140,
2120

2135, 2116, 2105 2121

[a] See Figure 1 and Figure 2 and the Supporting Information for details.
Units: distances [æ], angles [8] , m.p. [8C], wavenumbers [cm¢1] , density
(1calc.) [g cm¢3] . [b] Calculated from single crystal data. [c] If there are more
than one structurally comparable azido ligands, the average value is
given. [d] closest Zn···Zn distances. [e] Refers to the bridging mode of the
azido ligands with respect to corner-sharing or edge-sharing position
within the ZnN4 coordination polyhedra (see Figure 1 and Figure 2). [f] If
not otherwise stated, the values correspond to the m2(1,1)-bridging azide
units, while m2(1,3) denotes the 1,3-bridging mode of the N3 units.
[g] M.p. = Tdec. [h] Not isolated. [i] Flack parameter for b-Zn(N3)2 : 0.06(3).
[j] g-Zn(N3)2 was refined as inversion twin (batch scale factor (BASF):
0.31(2)).
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Zn(OH)N3, indicating a stronger H bond for the latter (see
below).[15] Interestingly, in a-Zn(OH)N3, the out-of-phase N-Zn-

O stretching mode (no.p.(N-Zn-O)) at 659 cm¢1
, as well as the in-

phase vibrational mode (ni.p.(N-Zn-O)) between 452 and

423 cm¢1 in the IR and Raman spectra, respectively, are shifted
to lower frequency, indicating a weaker Zn-O and Zn-N bond

as compared to b-Zn(OH)N3 (no.p.(N-Zn-O): 732, ni.p.(N-Zn-O):
455 cm¢1). Accordingly, the antisymmetric stretching mode
(nas(N3)) of the azide units in the Raman spectrum of a-
Zn(OH)N3 is found at 2091, but slightly shifted to higher fre-
quency for the b-phase at 2102 cm¢1, in agreement with
a higher degree of ionic bonding in the former (Figure 3 and
Figure 4).[15]

The 14N NMR spectrum of zinc azide run in [D6]DMSO at
300 K shows two well-resolved resonances, a medium-sharp

signal at d=¢136 (Dn1/2 = 32 Hz) for the Nb atoms, and a re-

markably broadened Na/g-resonance at ¢283 ppm (Dn1/2 =

290 Hz).[15] The absence of a separate Na resonance and the

observation of only one set of azide signals, indicate strong
quadrupole relaxation effects and a rapid ligand exchange on

the NMR timescale,[19] in accord with previously reported
binary azides (for example, ¢137 (Dn1/2 = 71 Hz) and

¢260 ppm (Dn1/2 = 632 Hz) for Bi(N3)3).[20] Interestingly, these

resonances lie in a similar range as found for the analogous
cadmium azide Cd(N3)2 (¢133 (200) and ¢282 ppm (1100 Hz)),

while the Na/g resonance is considerably shifted to higher field,
as compared to mercury azide Hg(N3)2 (¢133 (65) and

¢261 ppm (690 Hz)).

X-ray crystallography

In the single-crystal X-ray structures of a-, b-, and g-zinc azide,
the zinc atoms are in a tetrahedral coordination sphere

(Figure 1 and Figure 2).[15] While the ZnN4 tetrahedra within all
structures are further connected in a corner-sharing manner by

bridging azide units with Zn···Zn distances in the range 3.459–
3.576 æ, in a-Zn(N3)2 an additional edge-sharing interaction is
observed, leading to a comparable shorter Zn···Zn distance of

3.083 æ. Besides this m2-bridging interaction, which involves
only one terminal N atom of the azide unit (denoted as m2(1,1),
cf. Table 1), in b- and g-zinc azide further linkages by 1,3-bridg-
ing azide groups including both terminal N atoms of the N3

units (denoted as m2(1,3), cf. Table 1) are found. This 1,3-bridging
results in large Zn···Zn distances of 5.745 in b-Zn(N3)2 and

5.514 æ in g-Zn(N3)2. In a-Zn(N3)2, the edge-sharing interactions

lead to the formation of double-tetrahedra, which are further
assembled by corner-sharing azide units, resulting in one-di-

mensional, double-stranded chains along [100] (Figure 1). In
contrast, the solid-state structures of b- and g-Zn(N3)2 are com-

posed of two-dimensional layers, which obey the ZnN4 coordi-
nation tetrahedra in a corner-sharing, kagome-like lattice ar-

rangement, comparable to the constitution of 2
1[SiO4]2¢ net-

works in sheet silicates (Figure 2). These layers are further con-
nected by m2(1,3)-bridging azide units, leading to a stacking

along [001] in both modifications. However, while the network
structure within the layers of b- and g-phase are almost identi-

cal, both differ with respect to the stacking sequence. Thereby,
in b-Zn(N3)2 each layer is rotated to the adjacent layers by 1208
within staple direction, resulting in an alignment of every

fourth layer, giving a sequence of a-b-c, whereas the layers in
g-Zn(N3)2 are not rotated with respect to the following layer,

leading to an alignment of every third layer in an a-b-stacking
sequence (Figure 2).

As illustrated in Table 1, the Zn¢N and N¢N distances vary
only little dependent on the coordination mode of the azide

units. However, in a-Zn(N3)2 slightly longer Zn¢N bonds are

found for the bridging azides in edge-sharing position with an
average bond length of 2.037 æ, in comparison to the Zn¢N
distance to the corner-sharing N3 units with 1.986 æ. These
values lie slightly above the sum of the covalent radii for
a zinc–nitrogen single bond (Srcov(Zn¢N) 1.89 æ), but within
the sum of the ion radii (Srion(Zn¢N) 2.06 æ) for a tetrahedral

coordination sphere.[21, 22] For comparison, considerably elon-
gated Zn¢N distances between 2.109–2.137 æ are found for
the octahedral coordinated zinc centers in Zn(N3)2·2.5 H2O (cf.

Srion(Zn¢N) = 2.20 æ).[15, 22] Interestingly, in b- and g-zinc azide,
the Zn¢N distances to the m2(1,3)-bridging azides are compara-

bly shorter (b-Zn(N3)2 1.981, g-Zn(N3)2 1.992 æ) than the corre-
sponding distances to the m2(1,1)-bridging N3 units with average

bond distances of 2.002 for b-Zn(N3)2 and 2.005 æ for g-Zn(N3)2,

respectively. The m2(1,1)-bridging azide units adopt a typical
trans-bent structure with short average Na¢Nb and Nb¢Ng dis-

tances in the range 1.215–1.232 and 1.129–1.138 æ, and Na¢
Nb¢Ng angles, which however deviate only slightly from lineari-

ty (179.1–179.98). While the m2(1,1)-bridging azide units always
exhibit Na¢Nb bond lengths, which are longer than the Nb¢Ng

Figure 4. Top: Perspective view of the unit cells of a-Zn(OH)N3 (right, view
along [110]) and b-Zn(OH)N3 (left, view along [110]). Bottom: Ball-and-stick
drawings of the coordination spheres of the azide units in a-Zn(OH)N3

(right) and b-Zn(OH)N3 (left) in the crystal.
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bonds, two equal distances of 1.165 (b-Zn(N3)2) and 1.168 æ (g-
Zn(N3)2) are found in the m2(1,3)-bridging azido ligands. Further-

more a strong bending with Na-Nb-Ng angles of 174.74 for b-
Zn(N3)2 and 174.708 for g-Zn(N3)2, respectively, is observed.

The structures of a- and b-Zn(OH)N3 could be solved and re-
fined on the basis of the powder X-ray data (see above).[15]

However, since the quality of the Rietveld refinements do not
allow for a detailed discussion of structural parameters, we
want to focus only on the basic structural features (Figure 4).[15]

In contrast to binary zinc azides, both modifications of basic
zinc azide display the zinc atoms in an octahedral coordination
sphere, which is composed of three hydroxide groups and
three azide units. Thereby, each zinc atom is connected to six

adjacent zinc atoms by m3-bridging hydroxide and m3(1,1,1)-bridg-
ing azido ligands, leading to the formation of a layer com-

posed of edge-sharing ZnO3N3 coordination polyhedra. As

shown in Figure 4, the OH and N3 units are each bound on op-
posite faces of the zinc planes, building an identical sheet

structure in a- as well as b-Zn(OH)N3. Contrarily, both modifica-
tions differ with regard to the bridging mode of OH and N3-

units between adjacent layers. While the azide units in a-
Zn(OH)N3 are further connected to three neighboring OH

groups, only one linear O¢H···Nazide interaction is found for the

azide units in b-Zn(OH)N3, resulting in a slightly larger separa-
tion of the layers in the latter, in agreement with a higher den-

sity for a-Zn(OH)N3 (Figure 4).[15]

Conclusion

To summarize, a comprehensive study was carried out on the

synthesis of pure a-Zn(N3)2, along with the isolation of two
labile polymorphs, b- and g-Zn(N3)2. While all binary zinc azides

could be structurally characterized for the first time, the crys-
tallographic and analytical data indicate that a-Zn(N3)2 was

most likely first prepared by Wçhler and Martin as early as
1917. Contrarily, we could demonstrate that several later re-
ports of pure Zn(N3)2 are doubtful or even wrong.

Experimental Section

Caution! Covalent azides are potentially hazardous and can de-
compose explosively under various conditions! Especially dry, crys-
talline Zn(N3)2 is extremely sensitive to shock and friction and can
explode violently upon the slightest provocation. Appropriate
safety precautions (safety shields, face shields, leather gloves, pro-
tective clothing) should be taken.

a-Zn(N3)2

Procedure 1: A Schlenk flask containing a mixture of sodium azide
(NaN3 ; neat, 0.228 g, 3.5 mmol) and stearic acid (C17H35CO2H; neat,
0.996 g, 3.5 mmol) was connected to a second flask containing
a frozen (and degassed) solution of diethyl zinc (ZnEt2 ; 0.124 g,
1.0 mmol) in n-hexane (5 mL). The whole apparatus was evacuated
in vacuo. The sodium azide/stearic acid mixture was heated to
70 8C and the semi-solid mixture was further heated to 130 8C
within three hours while the hydrazoic acid HN3 was continuously
condensed on the frozen ZnEt2 solution. The colourless mixture
was warmed to ambient temperature, resulting in a colourless sus-

pension. The supernatant was separated from the precipitate by
centrifugation and decantation. The residue was dried in vacuo,
which gave almost amorphous a-Zn(N3)2 as colourless solid (yield
90–95 %). Microcrystalline a-Zn(N3)2 was obtained by heating a sus-
pension of amorphous Zn(N3)2 in degassed fluorobenzene under
endogenous pressure at 120 8C for 12 h in a sealed glass tube.
After cooling to ambient temperature over a period of one hour,
the tube was opened in air, the suspension was quickly transferred
to a Schlenk tube, and the supernatant was removed by syringe.
Drying in vacuo at 70 8C gave microcrystalline a-Zn(N3)2 suitable
for powder X-ray diffraction.

Procedure 2 : To a stirred solution of ethereal hydrazoic acid HN3

(1 m, 4.0 mmol, 4.0 mL), a solution of diethyl zinc ZnEt2 (1 m in n-
hexane, 1.5 mmol, 1.5 mL) was added dropwise at 0 8C over
a period of one minute. The resulting colourless suspension was
stirred for one hour at ambient temperature. The supernatant was
separated from the precipitate by centrifugation and decantation.
The residue was dried in vacuo which gave a-Zn(N3)2 as colourless
solid (yield 90–95 %).

Procedure 3 : Neat basic zinc azide (Zn(OH)(2¢x)(N3)x, x = 0.8–1.0;
0.124 g, 1.0 mmol) was suspended in an ethereal solution of hydra-
zoic acid (HN3 ; 1 m, 3.0 mmol, 3.0 mL) at ambient temperature.
After stirring for one day, the supernatant was separated from the
precipitate by centrifugation and decantation, and the residue was
re-suspended in an ethereal solution of HN3 (1 m, 3.0 mmol,
3.0 mL) and stirred at ambient temperature. This procedure was re-
peated two times. After removal of supernatant, the residue was
dried in vacuo which gave a-Zn(N3)2 as colourless solid (yield 90–
95 %).

Procedure 4 (large crystals of a-Zn(N3)2): Neat Zn(N3)2 (any phase,
0.299 g, 2.0 mmol) was suspended in an aqueous solution of HN3

(5 m, about 0.1 mL) at ambient temperature. The stirred suspension
was heated to 60–70 8C and aqueous HN3 (5 m, about 0.3 mL) was
added dropwise, until a colourless solution was obtained. Slow
cooling to ambient temperature (and further cooling to 5 8C) re-
sulted in the deposition of colourless needle-like crystals. Removal
of supernatant by syringe, and drying in vacuo at 70 8C gave a-
Zn(N3)2 as colourless crystals (yield 30–40 %). The same procedure
could be applied using basic zinc azide (Zn(OH)(2¢x)(N3)x, x = 0.8–
1.0). M.p. 335–338 8C; 14N NMR (300 K, [D6]DMSO, 36.14 MHz): d=
¢136 (Nb, Dn1/2 = 62 Hz), ¢283 ppm (Ng, Dn1/2 = 290 Hz); IR (ATR,
32 scans): ñ= 3465 (w), 3403 (w), 3367 (w), 2658 (w), 2598 (w),
2540 (w), 2141 (s), 2120 (s), 1417 (w), 1368 (m), 1304 (m), 1277 (s),
1174 (w), 1154 (w), 675 (m), 587 (m), 579 cm¢1 (m); Raman
(785 nm, 10 mW, 25 8C, 10 acc., 30 sec.): ñ= 2187 (0.1), 2170 (1.3),
2140 (0.3), 2120 (0.2), 1375 (0.5), 1317 (0.7), 1289 (0.7), 1277 (1.0),
1180 (0.3), 1159 (0.3), 683 (0.5), 588 (0.5), 580 (0.5), 402 (0.6), 328
(0.8), 286 (1.3), 201 (1.4), 138 (5.5), 121 (8.6), 108 (7.5), 91 (10),
73 cm¢1 (6.6) ; elemental analysis calcd (%) for N6Zn: N 56.24,
Zn 43.76; found Zn 42.5.

b-Zn(N3)2

Polycrystalline b-Zn(N3)2 : Neat amorphous Zn(N3)2 (from dehydrat-
ed Zn(N3)2·2.5 H2O, about 0.01 g) was sealed in a small glass tube
under argon at ambient pressure. The sample was slowly heated
up to 150 8C (heating rate 20 8C min¢1) and then cooled to ambient
temperature (cooling rate 30 8C min¢1), which gave b-Zn(N3)2 as
polycrystalline, colourless solid (quantitative yield).

Crystalline b-Zn(N3)2 (suitable for X-ray): Neat amorphous Zn(N3)2

(from dehydrated Zn(N3)2·2.5 H2O, about 0.001 g) was sealed in
a small glass tube under argon at ambient pressure. The sample
was slowly heated up to 345 8C (heating rate 20 8C min¢1), resulting
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in a turbid melt, which slowly started to evolve nitrogen. The
sample was then cooled to ambient temperature (cooling rate
30 8C min¢1), which gave b-Zn(N3)2 as crystalline, pale brownish
froth (quantitative yield). M.p. 327 ¢330 8C; IR (ATR, 32 scans): ñ=
3360 (w), 3348 (w, sh), 2535 (w), 2493 (w), 2164 (m), 2134 (m), 2115
(s), 2091 (s), 2028 (m), 1409 (w), 1269 (m), 1248 (s), 1166 (m), 699
(m), 617 (w), 599 (w), 585 cm¢1 (m); Raman (785 nm, 21 mW, 25 8C,
12 acc. , 20 sec.): ñ= 2135 (0.4), 2116 (1.3), 2105 (0.2), 1427 (1.3),
1276 (1.8), 1250 (1.3), 1165 (0.2), 701 (0.2), 616 (0.3), 585 (0.3), 395
(0.4), 361 (0.5), 224 (2.6), 179 (4.3), 128 (10), 103 (9.3), 80 (9.5),
69 cm¢1 (8.4).

g-Zn(N3)2

An aqueous solution of Zn(N3)2 (2 mL) was concentrated by rotary
evaporation (200–20 mbar, 70 8C), resulting in the deposition of
basic zinc hydroxy azide (Zn(OH)(2¢x)(N3)x, x = 0.8–1.0) as thin layer
on the glass surface. The residual supernatant and precipitate were
removed by syringe and the coated glass surface was washed with
water (dest. , 0.5 mL) and shortly dried by rotary evaporation (200–
20 mbar, 70 8C). An ethereal solution of hydrazoic acid (1 m, 0.1 mL)
was added and the reaction flask was stored at ambient tempera-
ture. Over a period of 12 h, the growth of small, needle-like crystals
on the coated glass surface was observed, while longer reaction
times always resulted in the complete transformation into crystal-
line a-Zn(N3)2. Some specimen of g-Zn(N3)2 crystals were manually
separated with a PTFE spatula for analytical purposes. Raman
(785 nm, 2 mW, 25 8C, 10 acc. , 20 sec.): ñ= 2121 (1.6), 1419 (1.0),
1277 (1.3), 1251 (4.0), 1164 (0.2), 711 (0.1), 630 (0.5), 583 (0.3), 413
(0.7), 250 (1.7), 222 (5.7), 189 (4.6), 180 (3.4), 153 (4.6), 136 (10), 97
(4.6), 80 cm¢1 (5.5).

Amorphous Zn(N3)2 (Dehydration of Zn(N3)2·2.5 H2O)

Procedure 1: Neat, dry crystals of Zn(N3)2·2.5 H2O (0.074 g,
0.50 mmol) were stored in a desiccator over P4O10 (5 mbar) at am-
bient temperature. After two days, the turbid crystals were careful-
ly ground by means of a PTFE spatula. Further storage in a desicca-
tor over P4O10 (5 mbar) at ambient temperature for two days gave
amorphous Zn(N3)2 as colourless solid (yield: 90–95 %).

Procedure 2 : Neat, dry crystals of Zn(N3)2·2.5 H2O (0.055 g,
0.29 mmol) were placed in a Schlenk flask and heated at 60 8C for
two hours in vacuo. The residue was carefully ground by means of
a PTFE spatula and then heated between 70–80 8C for three hours
in vacuo, which gave amorphous Zn(N3)2 as colourless solid (yield:
90–95 %). M.p. 136 8C (transition to crystalline b-Zn(N3)2). IR (ATR,
32 scans): ñ= 3564* (w), 3358 (w), 2659 (w), 2513 (w), 2089 (s),
1614* (w), 1394 (w), 1342 (w), 1249 (s), 1162 (m), 971* (w), 692 (m),
630* (w), 581 cm¢1 (m); Vibrations marked with an asterisk (*) are
most probably caused by residual O¢H impurities; Raman (785 nm,
50 mW, 25 8C, 10 acc., 20 sec.): ñ= 2157 (0.1), 2120 (0.2), 1420 (0.4),
1278 (0.6), 1167 (0.1), 703 (0.1), 631 (0.1), 585 (0.1), 358 (0.3), 248
(1.3), 74 cm¢1 (10); elemental analysis calcd (%) for N6Zn: N 56.24,
Zn 43.76; found Zn 43.1.

Amorphous Zn(N3)2 (desolvation of Zn(N3)2·2 NH3)

Neat, dry Zn(N3)2·2 NH3 (0.045 g, 0.25 mmol) were placed in
a Schlenk flask and heated stepwise from ambient temperature up
to 130 8C within 30 h in vacuo, which gave amorphous Zn(N3)2 as
colourless solid (yield: 90–95 %). IR (ATR, 32 scans): ñ= 3501* (w),
3352 (w), 3273 (w), 2656 (w), 2539 (w), 2090 (s), 1609 (w), 1385*
(w), 1263 (s), 1168 (m), 966* (w), 688 (m), 581 cm¢1 (m); Raman

(785 nm, 21 mW, 25 8C, 10 acc., 20 sec.): ñ= 2162 (0.2), 2118 (0.2),
1416 (0.6), 1290 (0.8), 694 (0.6), 581 (0.6), 370 (0.9), 296* (1.2), 253
(1.2), 62 cm¢1 (10). Vibrations marked with an asterisk (*) are most
probably caused by residual N¢H impurities.
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