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ABSTRACT: Electrical conductivity measurements of alkaline earth
diazenides SrN, and BaN, revealed temperature-dependent metal-like
behavior. As CaN, is isotypic with SrN, its electronic properties are
supposed to show similar characteristics. For the alkali diazenide
Li)N,, the corresponding measurement shows not only the typical
characteristics of metallic materials but also an unexpected rise in Temperature
electrical conductivity above 250 K, which is consistent with an ionic Electronic Conduction

contribution. This interpretation is further corroborated by static °Li
and "Li nuclear magnetic resonance measurements (NMR) of the
spin-lattice relaxation time (T;) over an extended temperature range
from S0 to 425 K. We observe a constant Heitler-Teller product
(T,T) as expected for metals at low temperatures and a maximum in
the temperature-dependent relaxation rates, which reflects the
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suggested ionic conductivity. A topological structural analysis
indicates possible 3D ion migration pathways between two of the three crystallographic independent Li positions. A crude
estimate of temperature-dependent self-diffusion coeflicients D(T) of the lithium motion classifies Li,N, as a mixed electronic/

ionic conductor.
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B INTRODUCTION

Due to numerous applications of binary metal-nitrogen
compounds, their synthesis and characterization had and still
has a remarkable impact on solid-state and materials
chemistry.'™ Besides the long known nitrides and azides
with N* and [N,]~ anions, respectively, a third class of
nitrogen based anions proved their existence only very recently,
the latter consisting of homonuclear dinitrogen units, namely
[N,J*~ (x = 1—4)."°7% Besides the paramagnetic dinitrogen
anions [N,]~ and [N,]*", which so far have only been observed
in molecular complexes,lo_16 it was [N,]*” and [N,]* ions
that could have been synthesized in solid-state com-
pounds.l7_33 The 14 electron ion [N,]* is isosteric with
peroxide [0,]*” and thus was named pernitride,m_33 whereas
[N,]*7, representing a deprotonated diazene N,H, with a
N=N double bond has been denominated diazenide.'’~**
The first binary representatives containing [N,]*" anions
were SrN, and BaN,, which have been synthesized under
nitrogen pressure in a specialized autoclave system.'’">' In
order to further extend this class of metal diazenides, we
recently have targeted new synthetic approaches and were
successful employing controlled thermal decomposition of
ionic azides in a multianvil device under high-pressure/high-
temperature (HP/HT) conditions.”>** Besides the two known
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diazenides, we obtained and characterized novel CaN, and the
first alkali diazenide, namely Li,N,.”>**

With a high difference in electronegativity between cations
and anions, these diazenide compounds suggest rather ionic
behavior, although having a black metallic luster. In addition,
corresponding theoretical calculations on their electronic
structure revealed that these compounds should exhibit metallic
characteristics."®****** This is somehow surprising, as simple
compounds containing corresponding homonuclear anions
made up of elements on either side of the element nitrogen
in the PSE, namely acetylenide [C,]*~ or peroxide compounds,
clearly show ionic and thus insulating or at least semiconductive
behavior.*>"*” In addition, stretching vibrations of the double-
bonded dinitrogen anions were observed in FTIR measure-
ments of the mentioned diazenides as distinct features at about
1325-1375 cm™' (see Figure S1 in the Supporting
Information, SI).*>** In fact, applying the correlation method*®
for allowed vibrations of the diazenide ions in the
corresponding crystal structures, we were successful by
predicting infrared-active modes for all of these diazenides.”>*?
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This observation rather contradicts metal-like behavior as for
metallic compounds infrared-active features at such high
energies usually do not occur. Additional theoretical consid-
erations on the existence of hitherto unknown diazenide
compounds revealed that FeN,, ZnN, and LaN, should be
thermodynamically stable at ambient conditions and exhibit
again metallicity.>>**** However, the true character of an either
metallic or ionic formulation of diazenides based on
experimental data still leaks evidence.

In the case of Li,N,, potential lithium ionic conduction is,
however, thought to interfere with assumed metallic, electronic
conductivity. As the interest in and demand for Li* ion
conductors still increase due to their industrial applications
such as solid-state batteries,* ™ it is important to fully
characterize Li,N,. In order to investigate a potential ionic
conduction, lithium nuclear magnetic resonance (NMR) is a
suitable tool.**™*® As it already has been shown for Li;N and
various Li* containing compouncls,47_53 it is possible to
estimate activation energies E, and diffusion coeflicients
D(T) for the lithium migration from temperature-dependent
SLi and "Li spin-lattice relaxation (SLR) experiments.

In the present work, we report on an experimental study of
unsettled metal-like behavior in diazenide compounds.
Conductivity measurements between 3.5 and 300 K are
presented and measured specific conductivities are classified
and discussed with respect to those of metals, semiconductors
and insulators. Ionic and electronic contributions to the
electrical conductivity in Li,N, were further investigated from
temperature-dependent °Li and “Li NMR. The results obtained
with different experimental techniques combined with a
topological analysis of lithium migration pathways allow us to
estimate a activation energy E,, the dimensionality and
temperature-dependent self-diffusion coefficients D(T) of the
lithium motion.

B EXPERIMENTAL SECTION

Synthesis of Azides. Nondoped LiN; was obtained by
precipitation from its aqueous solution (Sigma-Aldrich, 20 wt %
solution in water) by evaporation in vacuum, whereas °LiN; was
precipitated in diethylether by addition of excess NaN; (Acros
Organics, 99%) to a suspension of °LiCl (Sigma-Aldrich, 95 atom %
°Li, 99%) in absolute ethanol, as described in literature.>*™>°
Strontium and barium azide are obtained by the reaction of the
corresponding hydroxides (Sigma-Aldrich, 99.995%) with an aqueous
solution of HNj, as reported in the literature.>*** The extremely
dangerous HNj is distilled from NaNj; (Acros Organics, Geel, Belgium,
99%) and H,SO,. The solid azides are dried over P,O,, using a
vacuum desiccator (24 h). A general procedure for the synthesis of the
azides of the heavier alkaline earth metals is described in the
literature. ™

Caution! Due to the very low thermal and mechanical shock
resistance of HNj, only very small quantities should be used.
Therefore, whenever working with HNj, efficient protective clothing
such as face protection, a leather coat, and steel reinforced gloves must
be worn.

Synthesis of Diazenides. °Li,N,, nondoped Li,N,, SrN, and
BaN, were synthesized at distinct HP/HT-conditions in a modified
Walker-type module in combination with a 1000 t press (both devices
from the company Voggenreiter, Mainleus, Germany), according to
literature.”>** The as-obtained azide was carefully ground, filled into a
cylindrical copper (Li,N,) or boron nitride (MgN,) crucible (Henze
BNP GmbH, Kempten, Germany) and sealed with a fitting boron
nitride plate. As pressure medium, precastable MgO-octahedra
(Ceramic Substrates & Components, Isle of Wight, U.K.) with edge
lengths of 18 mm (18/11 assembly) were applied. Eight tungsten
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carbide cubes (Hawedia, Marklkofen, Germany) with truncation edge
lengths of 11 mm compressed the octahedra. Details of the setup can
be found in the literature.””~®' Li,N, (SrN,, BaN,) was synthesized in
a 18/11 (18/11, 18/11) assembly, which was compressed up to 9 (9,
3) GPa at room temperature within 217 (214, 68) minutes, then
heated up to 750 (850, 750) K in 10 (30, 30) minutes, kept at this
temperature for S0 (1S, 15) minutes and cooled to room temperature
in 10 (10, 10) minutes. Subsequently, pressure was released over a
period of 633 (623, 183) minutes. The recovered MgO-octahedron
was broken apart under inert conditions in a glovebox (Unilab,
MBraun, Garching; O, < 1 ppm, H,0 < 1 ppm), and the sample was
carefully isolated from the surrounding boron nitride crucible. A black
metallic powder of the corresponding diazenide is obtained, extremely
sensitive to moisture. Each diazenide was analyzed by means of
powder X-ray diffraction patterns, which were recorded with a STOE
Stadi P powder diffractometer (STOE, Germany) in Debye—Scherrer
geometry using Ge(111) monochromated Mo- and Cu Ka,-radiation,
respectively (0.7093 A and 1.54056 A).

Li,N, crystallizes in space group Immm (no. 71) with a = 3.1181(4),
b = 4.4372(4), c = 10.7912(16) A, V= 149.31(3) A% and Z = 4; Lil in
(2a), Li2 in (2¢), Li3 in (4i) with z = 0.2510(6), and N1 in (81) with
y 0.1466(5) and z 0.62321(19).>* SIN, crystallizes in a
tetragonally distorted NaCl-type structure in space group I4/mmm
(no. 139) with a = 3.8054(2) A, ¢ = 6.8961(4) A, V=91.17(1) A% and
Z =2; Srl in (2a) and N1 in (4e) with z = 0.4016(4).>® The crystal
structure of BaN, is of monoclinic symmetry (C2/c no. 15) with a =
7.1608(4) A, b = 4.3776(3) A, c = 7.2188(4) A, B = 104.9679(33)°,
V =218.61(2) A%, and Z = 4; Bal in (4e) with y = 0.2006(2) and N1
in (8f) with x = 0.3023(18), y = 0.1547(39), and z = 0.0508(19).”
The crystallographic data of the corresponding diazenides are taken
from the literature.”>*

Conductivity Measurements. For the measurements of SrN, and
BaN,, two reaction batches of each diazenide were combined, whereas
for the measurement of Li,N, an overall of eight batches had to be
merged due to the small sample amount obtained upon synthesis. In
addition, each product of a HP/HT-synthesis was analyzed separately
by means of powder X-ray diffraction to rely on a successful synthesis
of the corresponding diazenide.

The electrical measurements were performed with a self-built
susceptometer consisting of a Janis shi-950 two-stage closed-cycle
Cryostate with *“He exchange gas (Janis Research Company,
Wilmington, U.S.A.) and a dual-channel temperature controller
(model 332 by LakeShore, Westerville, U.S.A.). A Keithley Source-
Meter 2400 (Cleveland, U.S.A.) was available as current source, which
was used to create square waves with amplitudes of 2 yA to S mA and
frequencies of either 2 or 0.4 Hz (1 or 5 PLC, respectively). The
differential voltage drop between signal-high and signal-low was
recorded with a Keithley 2182 Nano-Voltmeter and used to calculate
the sample resistance in one direction according to Ohm’s law and the
specific resistance according to the Van-der-Pauw approximation.®>

For the measurements cold pressed (10 kN) pellets of nonsintered
diazenides (diameter, 4.0 mm; thickness, 0.5—0.9 mm) were produced.
Applying the four-probe method, the pellet was contacted with four
equidistant probes using silver conducting paint. As the diazenides
were extremely sensitive to moisture, all preparations had to be done
under inert atmosphere in a glovebox. A current of 0.15—0.3-107° A
was applied and the potential difference was measured as a function of
the temperature upon cooling and heating (300 to 3.5 K) yielding the
specific conductivity. No superconductivity was observed.

SLi and ’Li solid-State Nuclear Magnetic Resonance. The
static “Li and “Li NMR spectra were recorded with a Bruker Avance III
NMR spectrometer at a frequency of 19437 and 73.60 MHpz,
respectively, which corresponds to an external magnetic field of 11.7 T.
For temperature-dependent measurements, the spectrometer was
equipped with different commercial static variable-temperature probes.
For temperatures above approximately 160 K a double-resonance
SOLS probe from Bruker Biospin was used, for temperatures below
160 K a probe from the same company was used which consists of a
He continuous flow cryostat (model STVP-XG, Janis Research
Company, Wilmington, MA, U.S.A.) and a single channel probe

dx.doi.org/10.1021/cm4011629 | Chem. Mater. 2013, 25, 4149—4155



Chemistry of Materials

with two CERNOX temperature sensors and self-made coils. The
sample was inserted into the coils made of manganin wire for the low-
temperature "Li experiments and silver plated copper wire in case of
the °Li experiments. The sample was sealed in an airtight glass tube
under vacuum. T, spin-relaxation times were measured with a
saturation recovery experiment. The one-dimensional “Li static
NMR spectra were acquired with a 7/2 pulse length of 1.5 us and a
recycle delay minimum three times larger than T;. The solid-echo °Li
static NMR spectra were acquired with a /2 pulse length of 1.31 us
and a recycle delay minimum three times larger than T,.%

B RESULTS AND DISCUSSION

Conductivity Measurements. For metals, resistance is
temperature-dependent and supposed to decrease with
decreasing temperature. The resistance of a semiconductor
decreases with increasing temperature and shows an abrupt
decay, once the electrons can be excited from the valence band
into the conductive band. Insulators only become conductive at
very high temperatures and show exceptional high specific
resistances at ambient temperature. Taking these classifications
into account and comparing them to the observed conductivity
curve of the diazenides, the ambiguity whether there is
metallicity in diazenides or not can now be referenced.
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Figure 1. Specific resistance for SrN, (a), BaN, (b), and Li,N, (c)
with temperature; experimental setup for the measurements
illustrating the pellet placed between four electrodes (d).

Figure 1, parts a, b, and ¢, show the specific resistance curves
for SrN,, BaN,, and Li,N,, respectively, obtained upon cooling
the prefabricated pellets. Figure 1d depicts the pellet of black

colored Li,N, mounted onto the sample holder for conductivity
measurements.

SrN, and BaN, show a decrease of specific resistance with
decreasing temperature, typical for metals. However, it has to
be stated that the pellets have not been sintered before the
measurements but were only cold pressed to avoid any
oxidation of these highly moisture-sensitive compounds.®*

For Li,N,, the specific resistance increases up to a maximum
temperature of about 250 K and finally decreases with a further
decrease of temperature as expected for metals. Thus, true
metal-like behavior is only observed at temperatures below
250 K. The change in conductivity from 250 K to higher
temperatures needs a different explanation, for example Li* ion
conductivity, thermal activation across a band gap (intrinsic
doping), or a phase transition. However, the latter explanation
of unexpected resistivity in Li,N, can be excluded as previous
temperature-dependent in situ powder X-ray diffraction already
revealed no phase transition below ambient conditions.*”
Interestingly, it is only the Li* ion containing diazenide
showing such a distinct feature in its specific resistance.

Table 1 lists the obtained resistivity values for SrN,, BaN,
and some selected elements®® at ambient temperature
(300 K) and for Li,N, at 250 K.

Obviously, the specific values of the diazenides are
intermediate to those of pure metals and semiconductors.
However, as the pellets have not been sintered for the
measurements, they definitively do contain a large number of
grain boundaries inhibiting perfect conductivity properties. In
addition, the products upon HP/HT-synthesis still show oxide
impurities in case of the alkaline earth diazenides and an
unknown minor side phase with Li,N,.*>** Taking all these
facts into account, the true values of resistivity are thought to
match better with pure metals. Thus, it is the curve progression
indicating true metal-like behavior for all diazenides.

SLi and “Li Solid-State Nuclear Magnetic Resonance.
In order to investigate the hypothesis of a beginning Li* ion
conduction at elevated temperatures being responsible for the
unexpected change in resistivity with temperature, variable
temperature measurements of the spin-lattice relaxation (SLR)
times (T;) of °Li and "Li nuclei were performed from 170 to
390 K and from 50 to 425 K, respectively. In the following, we
will first discuss the low-temperature regime which, consistently
with the macroscopic electrical conductivity measurements,
gives evidence of the metallic character of Li,N,. Then, we will
discuss the observed anomaly at increased temperatures
reaching up to the decomposition point at about 385 K
(depending on synthesis conditions).®”

Table 1. Specific Resistance of Diazenides (SN, and BaN, at Ambient Temperature; Li,N, at 250 K) and Selected

Elements®*® As Well As Their Corresponding Color and Resulting Electronic Behavior

compd. Prpecitic [Qm] color characteristics
Li,N, 533107 black this work
SrN, 2.32-107* black-bronze this work
BaN, 0.23-107* black-bronze this work
Fe%® 1.0-1077 gray-metallic metallic
Pb® 2.2:1077 gray-metallic metallic
Mn® 1.43-107¢ steelwhite-metallic metallic
amorphous carbon®® ~6:107° black semiconductive
Te ~31073 silverwhite-metallic semiconductive
diamond®® >0.1-10° transparent insulating
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Metals at low temperatures have a characteristic relaxation
behavior due to the unpaired electrons close to the Fermi level
which leads to a constant Heitler-Teller product T,T.°*7°
Often this is accompanied by a drastic change of the chemical
shift. The difference in chemical shift to diamagnetic materials
is termed Knight shift K and often specified in % because of its
enormous size in some cases. In case of metallic Li, the Knight
shift K is small and only of the order of 400 ppm. Even with
modern quantum chemical methods, it is difficult to predict the
Knight shift. Korringaég’71 derived a formula that relates the
Knight shift K to the Heitler-Teller product T;T (see eq 1)
given the conduction electrons form a free electron gas, where
7. and y, refer to the electron and nuclear gyromagnetic ratios,
respectively.

2

h 1A
=,
T oKkl Y

(1)

In the case of Li,N,, we obtained temperature SLR time
constants both for °Li and for "Li ("Li, Figure 2; °Li, SI Figure
S2). As expected, we observe constant Heitler-Teller products
T,T in the low-temperature region. The Korringa formula (see
eq 1) predicts a quotient of the Heitler-Teller products

r(°Li)

2
~ 0.14
[ y(Li) ] ©)

which is within the range of the experimental value of 0.12 (see
SI). Because of the documented deviations’" between observed
and calculated Knight shift K, we consider it to be a fitting
parameter, which here amounts to 80 ppm. We conclude that
the °Li and "Li SLR NMR data in the low-temperature regime
are consistent with the macroscopic metallic properties of
Li,N,.

In the temperature-dependent T, relaxation rate diagram
(see Figure 2), we observe a flat low-temperature regime in

TT(Li) _
TT(°Li)

10 4

1

1T, 1¢"

1000/T /K

Figure 2. Experimental inverse-temperature dependence of the "Li
(circles) NMR SLR rates on a logarithmic scale. The fit (solid line) to
the experimental data is given by the extended BPP relation (see eq 4).
The dashed curves below refer to three different relaxation processes
(individual terms in eq 4). The inset shows an overview over the
complete data set including the low-temperature region. Decom-
position of Li,N, is observed at about 1000/T = 2.6 K™' (385 K)
marked by a dotted line, in good agreement with previous
temperature-dependent in situ X-ray diffraction analysis.”*
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agreement with metallic relaxation; then, we pass through a
maximum at about 300 K which is followed by another rise
caused by the decomposition of Li,N, to a-Li;N. The
decomposition product a-Li;N was confirmed by powder X-
ray diffraction after the NMR experiments, in line with previous
observations.>”

We interpret the maximum at 300 K as a consequence of Li
ion conduction because other explanations such as decom-
position to other products because of humidity or temperature
can be ruled out on the basis of IR spectroscopy and XRD
diffractometry, which show no evidence of decomposition of
Li,N,.

In the following, we analyze the presented relaxation rates for
activation energies and jump rates. In good approximation, the
relaxation rates 1/ T, for %’Li of different relaxation mechanisms
add up to the observable relaxation rate 1/T}:

1 1 1 1

? = Tquadrupolar + Tdipolar +
1 1 1

Tparamagentic
1

)

The most important mechanisms, which are commonly
considered for ®’Li NMR of dielectric materials, are relaxation
by dipolar, quadrupolar, and paramagnetic mechanisms. The
temperature dependence of the first two terms can be estimated
from a theory suggested by Bloembergen, Purcell, and Pound
(BPP theory).”” In the low temperature regime, we already
realized that an extra term will be necessary, which takes into
account the relaxation caused by the random field caused by the
conduction electrons. This extra term can be derived from eq 1.
For least-squares fitting we neglected the paramagnetic term,
we used the following equation which describes quadrupolar/
dipolar relaxation through two different terms’> and added a
last term for relaxation through the conduction electrons

1 T 47,
= =G 22 2 2
T 1+ wyt; 1+ 4,7
TCZ 4752
+ G 22 2 2
1+ wy7, 1+ 4wyt

8 TkyK? 7.
b )
where 74 and 7, are the correlation times of two motional
processes, which can be justified for example by motional
heterogeneity.73 We achieve good agreement (see Figure 2)
with the experimental data by assuming that these processes are
thermally activated and follow an Arrhenius law 7. = 7, exp(E,/
kgT). Clearly, this is a crude approximation neglecting for
example the existence of different crystallographic orbits for Li
in the crystal structure of Li)N,, biexponential longitudinal
relaxation, relaxational anisotropy, correlated motion, and
different relaxation rates in the satellite and central transitions.
From least-squares fitting of the Li NMR SLR experiments,
we obtain two different activation energies of 0.57 and 0.34 eV
(Table 2), which could reflect the mentioned motional
heterogeneity of the Li atoms migrating through the complex
structure of Li,N,. We note that such a two-component fit
yields rather uncommon values 7, For comparison, a single
component fit yields an activation energy E, of 0.36 eV, a 7, of
1.3-107" s, and a C of 13.5-10° s A corresponding analysis of
SLR rates of °Li NMR measurements (see SI Figure S2) is
hampered by the poor signal-to-noise ratio, due to the small
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Table 2. Resulting Refined Parameters of the Analysis of "Li
SLR Rates According to Equation 4

parameter i=1 i=2
E,,/eV 0.57 0.34
Ci/s™* 9.8-10° 5.4-10°
To,/s 20107 9.9-1071¢

amount of available material, despite isotopic labeling and a
handmade sample-container-adapted coil. However, we can use
the obtained °Li SLR data set to check whether relaxation is
dominated by a quadrupolar or dipolar mechanism. The
isotope-dependent factor in the prefactor C in eq 4 is
proportional to [I(T + 1)]y* and Q*[(21+3)/(1*(2I-1))] for a
homonuclear dipolar or quadrupolar mechanism,”*~7 respec-
tively, where I refers to the spin-quantum number, Q to the
quadrupolar moment, and y to the gyromagnetic ratio, as
tabulated by TUPAC.”” For a dipolar relaxation mechanism
neglecting isotope effects the prefactor ratio becomes

C(°Li)
2 %0011
C('Li) ©)
and for quadrupolar relaxation
C(°Li
(7 D~ 00015
C('Li) (6)

Thus, the SLR of °Li can be predicted on the basis of the "Li
least-squares fitting results for the two limiting cases. The
resulting comparison with the experimental °Li SLR data (see
SI Figure S3) indicates that the dominating mechanism is
dipolar in nature.

Dimensionality of the Motional Process. Efficient
macroscopic Li ion conduction requires three-dimensional
(3D) motion of the ions which is further supported by
topological analysis of possible lithium migration pathways
inside the Li,N, structure, as implemented in the software
package TOPOS.”®™®" Lithium ions are assumed to be able to
jump between different sites if open channels between two sites
exist. Formally, a channel is considered accessible for lithium
motion if the sum of radii of a lithium ion and a framework
atom does not exceed the channel radius more than by 10—
15%.%' The TOPOS software allows to calculate channels and
voids with the help of Voronoi-Dirichlet polyhedra. On the
basis of such an analysis of the Li,N, crystal structure (see
Figure 3), it is clear that migration pathways in all three
dimensions exist.

Interestingly, only two of the three crystallographic
independent Li sites (Li2 and Li3) contribute to possible
pathways, whereas Lil is not free to leave its position (see
Figure 3) and thus does not contribute to charge transport.
This is due to the fact, that the Lil—N distance of 2.055(1) A is
the shortest of all Li—N distances (2.055—2.180(1) A),
whereby Lil seems to be trapped at its crystallographic site
by [N,]*~ ions.”> Due to the limited resolution power of the
static 'Li NMR experiments, however, only a single, averaged
activation energy can be resolved.

Temperature-Dependent Self-Diffusion Coefficients.
In the case of an material with a single Li site, only the inverse
correlation time 7.”! corresponds to the Li* jump rate, which
allows for an estimate of the self-diffusion coefficient D(T) of
the Li ions according to the Einstein—Smoluchowski
relation:*>*?

4153

Figure 3. [010]-doubled crystal structure of Li,N, (Li white, N black)
illustrating the calculated possible Li* ion pathways (thick dark gray)
according to the voids in the structure obtained by topological analysis.
Polyhedra (gray) around Li sites illustrate the coordination spheres of
the Li" ions. Cell edges of the unit cells are marked by black lines.

12
D(T) = ——
2d7, ?)
We use this equation to obtain a crude estimate for the self-
diffusion of lithium diazenide. To this end, we assume an
average jump length [ for the lithium ions between Li sites
exists, which contribute to ionic conduction (see SI Figure S4).
In addition, each Li* jump is assumed to have the same
activation energy, which is actually supposed to vary concerning
the topostructural analysis. With [ = 2.25(1) A and three-
dimensional lithium migration (d = 3), the calculated self-
diffusion coefficients for lithium motion according to the single
fit of SLR rates are of the order of 107'* to 107> m*/s within
the corresponding Li* ion conductive temperature range. As-
obtained self-diffusion coefficients are approximately within the
range of typical cathode and electrolyte materials for Li-ion
batteries (LiCoO, ~ 107! m?/s, LiBE, ~ 1073 m?/s,
(Lir8)7(P,Ss); ~ 107" mz/s)-84_86

B CONCLUSION

With our experimental study of the unsettled electronic
behavior of diazenide compounds, we have shown that alkaline
earth diazenides are of true metallic nature. For Li,N, the
electrical conductivity, unusually, has both electronic and ionic
contributions, especially in the high temperature regime. Our
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investigations concerning lithium ionic conductivity in Li,N,
reveal that lithium diazenide is a potential 3D ionic conductor
with high Li self-diffusion coefficients. Analysis of spin-lattice
relaxation data from °Li and "Li NMR experiments is consistent
with contributions from different relaxational mechanisms,
namely an electronic contribution describable with the
Korringa equation and an ionic contribution of dipolar origin.

B ASSOCIATED CONTENT

© Supporting Information

Infrared spectra (Figure S1) of %’Li,N, and MyeN, (Mg = Ca,
Sr, Ba), plot of 1/(T,T) versus temperature for °Li and Li
NMR SLR rates (Figure S2), °Li NMR SLR rates versus
temperature (Figure S3), analysis of line width and chemical
shift of the °Li NMR signal in °Li,N, (see Figure S4), as well as
details of the calculation of the average jump length [ of the
lithium motion for the crude estimate of the self-diffusion
coefficients D(T) (Figure SS and Table S1). This material is
available free of charge via the Internet at http://pubs.acs.org.
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