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In comparison with the versatile chemistry of oxides and their
extraordinary impact on mineralogy, materials science, and
fundamental research, the chemistry of nitrides appears less
varied and their syntheses are usually more elaborate. This
observation may be a direct consequence of the high partial
pressure of oxygen and the omnipresence of water on our
planet. Furthermore, most solid oxides are more stable than
nitrides, because chemical bonds to nitrogen are typically
weaker than bonds to oxygen.[1–3] And additionally, the
electron affinity of nitrogen is significantly lower than that
of oxygen, rendering N3� much more endothermic than O2� ;
both anions require stabilization by counterions in the solid
state.[2] Accordingly, a broad systematic investigation of
nitrides had not been pursued before the last decades.[4–7]

A similar trend is observed in the variability of homo-
nuclear molecules and ions of oxygen and nitrogen. Besides
the allotropes O2 and O3, there are peroxides [O2]

2�, hyper-
oxides [O2]

� , ozonides [O3]
� , and the dioxygenyl cation

[O2]
+.[2,8–11] In contrast, only the nitrogen allotrope N2, nitrides

N3�, and azides [N3]
� have been long known.[12] It was not

until 2001 that Kniep et al. proved the existence of the
homonuclear dinitrogen anion [N2]

2�, which is a deprotonated
diazene N2H2 with a N=N bond.[13–17] These anions were
accordingly named diazenides. Unexpectedly, no other binary
diazenides except SrN2 and BaN2 have been synthesized thus
far. Lately, however, the existence of the paramagnetic
dinitrogen anions [N2]

� and [N2]
3�, as well as compounds

containing the pernitride ion [N2]
4�, have been reported.[18–36]

We have been able to extend the range of diazenide
composition through a novel synthetic approach employing
controlled thermal decomposition of ionic azides in a multi-
anvil device under high-pressure/high-temperature (HP/HT)
conditions.[37] We thereby obtained calcium diazenide CaN2,
which is isotypic with SrN2 and alkaline earth acetylenides
crystallizing in a tetragonally distorted NaCl-type structure.
To further extend the compositional range of simple metal
diazenides, we turned to the investigation of the thermal

decomposition of alkali azides under extreme conditions.
With respect to the observation that peroxides M2O2 and
hyperoxides MO2 are more stable with the heavier alkali
metals (M = K, Rb, and Cs),[8–10] we initially targeted synthesis
of diazenides in combination with these elements. Surpris-
ingly, we were ultimately successful with the synthesis of a
diazenide of the lightest alkali metal, Li2N2.

Lithium diazenide was obtained under HP/HT conditions
(9 GPa, 750 K) in a Walker-type multianvil assembly by
decomposition of LiN3. It is a black powder with a metallic
luster and is extremely sensitive to hydrolysis.

The crystal structure of Li2N2 (Table 1) was determined on
the basis of powder X-ray diffraction data (Figure 1).[38]

Extraction of the peak positions, pattern indexing, structure
solution, Fourier calculations, and Rietveld refinements were
carried out with the TOPAS software package.[40] The
reflections of the powder pattern were indexed in the
orthorhombic crystal system and the space group Immm
was derived.

Table 1: Refined atomic coordinates and isotropic displacement factors
in 0.01 �2 of Li2N2.

[a]

Atoms (Wyckoff) x y z Uiso
[b]

Li1 (2a) 0 0 0 0.047(13)
Li2 (2c) 1=2

1=2 0 0.057(14)
Li3 (4i) 1=2

1=2 0.2510(6) 0.022(11)
N1 (8l) 1=2 0.1466(5) 0.62321(19) 0.0079(15)

[a] space group Immm (no. 71), a = 3.1181(4), b = 4.4372(4),
c = 10.7912(16) �, Z= 4; [b] Uiso = Beq/(8p2).

Figure 1. Observed (crosses) and calculated (gray line) powder diffrac-
tion pattern (Cu Ka1 radiation, 1.54056 �) and difference profile of the
Rietveld refinement of Li2N2; peak positions are marked by vertical
lines.[39]
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Li2N2, the first alkali metal diazenide, represents an
unprecedented structure type. The diazenide units are
oriented along [010] (Figure 2) and have a bond length
dNN = 1.301(3) �, which is between a single- and triple-

bonded dinitrogen unit. In contrast to diazene itself and the
alkaline earth diazenides CaN2, SrN2, and BaN2, which have
N�N distances in the range of 1.20–1.24 �,[13–17, 20, 37] the
observed bond length in Li2N2 is slightly longer. This might
be a direct consequence of the metallic character of this
compound, as is also predicted for LaN2 and FeN2.

[33, 34]

The [N2]
2� ions are coordinated in a rhombic prism made

up of eight Li atoms. Furthermore, each Li site is coordinated
by the diazenide units in a different way: Li1 is coordinated in
a square planar shape by four “end-on” diazenide units. Li2 is
coordinated by four [N2]

2� ions in a “side-on” manner,
resulting in an eightfold coordination, while Li3 is coordi-
nated by two “side-on” and two “end-on” diazenides, result-
ing in a coordination number of six. The overall Li�Li and Li�
N distances match with reported values.[41, 42] According to
Shannon[43] , to compare the obtained Li�N distances with the
sum of the ionic radii, the radius of the diazenide ion has to be
evaluated first, as the ionic radii of Li+ depends on its
coordination. Starting from the structural data of the alkaline
earth diazenides CaN2, SrN2, and BaN2

[37] we estimated the
average radius of one nitrogen atom in the diazenide ion to be
1.27 �. Based on this empirical value, the Li�N distances
obtained correspond well with the sum of the ionic radii:
r(Li+

CN(4)) = 0.59, r(Li+
CN(6)) = 0.76, and r(Li+

CN(8)) = 0.92 �.
Recently, Zhang et al. attempted to predict the ground-

state structure of Li2N2, but the reported data do not match
with our experimental results.[44]

Infrared spectroscopy revealed a significant feature at
1326.8 cm�1, which was assigned to the N�N stretching
vibration of the diazenide ion, in accordance with previous
vibrational spectroscopic measurements on CaN2, SrN (a
nitride-diazenide), SrN2, and BaN2.

[37, 45]

To better understand the electronic character of Li2N2 and
its bonding situation, first-principles calculations on the
electronic structure were performed using the LMTO
method.[46] As expected, the electronic band structure calcu-

lations suggest that the compound is metallic, which is in good
agreement with the black color of the sample. The crystal
orbital Hamilton population (COHP) plot of the N�N
combination clearly shows the expected situation for the
[N2]

2� ion: it is not surprising that, on the one hand, the states
near the Fermi level are antibonding and that, on the other
hand, the Fermi level crosses these states at about half of their
antibonding character. These observations match well with
the 50% occupation of the antibonding p states in the isolated
diazenide ion.

In summary, the structural, spectroscopic, and electronic
characterization of Li2N2 confirm it to be the first alkali
diazenide and show that it crystallizes in an unprecedented
structure type. Furthermore, the experimental approach that
is used to generate this class of diazenides is very promising
for the synthesis of even more binary compounds in the
alkali–nitrogen system.
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