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Formation and structure of LiSioN3-AIN

solid solutions
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Solid solutions of the composition Li,Al1,_3,SioxN12 (1 < x <3) have been prepared via a
precursor route. According to XRD studies all phases obtained have wurtzite-type
substructures with an orthorhombic superstructure related to LiSioN3;. However, observed
powder patterns cannot be adequately described in orthorhombic symmetry, and the
significant diffusiveness of the superstructure reflections indicates the presence of disorder.
High resolution electron microscopy emphasizes the highly defective nature of the
microstructure and the presence of nanoscale domains of apparently varying symmetry.
Local ordering of metal ions and slight spatial variations of the composition are assumed to
be possible reasons for the long-range inconsistencies of the structures. The Li* ion
conductivity, as measured on selected solid solutions, is lower, than that of LiSi;Ns.
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1. Introduction

The outstanding chemical, thermal and mechanical
properties of silicon nitride, due to an extreme stabil-
ity of covalent bonds in its highly cross-linked struc-
ture, have recently evoked interest toward nitridosili-
cates M-Si-N [1-4]. However, unlike the situation with
oxosilicates M-Si-O and oxonitridosilicates M-Si-N-O,
binary or multinary nitridosilicates have been synthe-
sized in limited number, only [1]. The reason is that even
at high temperatures Si3Ny is so inert that it only reacts
with the most basic and reactive metal nitrides (e.g.,
LisN, Mg;N3). This problem has recently been over-
come by a new synthetic approach based on the inter-
action of various metals with silicon diimide Si(NH),,
thus enabling the preparation of ternary M-Si-N and
quaternary M-Ln-Si-N nitrides (with M = alkali earth,
and Ln =rare earth metals) [2].

In spite of the growing importance of covalent ni-
tride ceramics for application (e.g., Si-B-C-N [3, 4]),
metal nitridosilicates are only scarcely used in tech-
nology. Among them lithium silicon nitrides, mani-
festing high values of ionic conductivity, could be of
the most practical interest. The ionic conductivity of
these compounds increases with the amount of lithium
ions in the tetrahedral interstices of h.c.p. formed by
nitrogen. LiSi; N3, in which half of the tetrahedral cav-
ities are occupied, could not accommodate more metal
atoms without changing to a c.c.p. structure, in which
all tetrahedral and even a part of octahedral interstices
could be occupied. The limiting composition that has
been reached is LigSiNy [5]. The ionic conductivity
increases in this case from 1.9 x 107> S/m (400 K,
LiSi,N3) up to 5 x 1072 S/m (400 K, LigSiNy), the
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latter being the highest for lithium ion conductors with
antifluorite structure [5].

If the limit conductivity connected with a maximal
possible amount of lithium in the structure is reached,
another alternative way to create materials with high
values of ionic conductivity becomes more important:
a modification of the microstructure. The possibility
for conductivity enhancement (up to several orders of
magnitude) has been demonstrated in composite solid
electrolytes, prepared by dispersing submicrometer-
size particles of insulating and inert materials into a
moderate-ionic conducting solid [6, 7]. In this case,
the decomposition of solid solutions seems to be the
most promising way to introduce second-phase disper-
sions into a host matrix, allowing a fine tuning of the
size and providing higher uniformity of their distribu-
tion. Recent investigations of the bulk conductivity of
LiFe50g-LiAlsOg solid solutions, undergoing spinodal
decomposition, showed that there is a maximum in bulk
conductivity corresponding to the initial segregation
of the insulating phase LiAlsOg [8]. Similarly, an en-
hancement of the ionic conductivity has been observed
with initial formation of ordered, poorly conducting
domains in Y,03-ZrO,, Y,03-ZrO,-TiO, and Y,03-
Zr0,-Nb,Oj5 solid solutions [9]. Thus, the formation of
nanostructured materials, based on lithium silicon ni-
trides, prepared by decomposition of quaternary solid
solutions Li-M-Si-N should undoubtedly attract the at-
tention of researchers.

Hitherto, no lithium-containing quaternary nitri-
dosilicate (Li-M-Si-N) has been synthesized (the
oxygen containing Li-sialons are not considered here),
although the possibility to form some other quaternary
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nitridosilicates, like MgAISiN3, CaAlSiN3, MnAISiNj
[10] and AIN-BeSiN, solid solutions [11], all hav-
ing wurtzite-type structure, has been mentioned in the
literature. Further examples are Caj 33Sig34Al3.66Ni6
(a’-Si3Ny-type structure) [12] and different M-Ln-Si-N
nitrides (M = Sr, Ba/Eu; Ln = Yb, Nd) [2, 13, 14]. Ob-
viously, the preparation of Li-containing quaternary
nitridosilicates requires, on one hand, high tempera-
tures to react all components and, on the other hand,
low temperatures to prevent weight loss of lithium
before its assimilation by the crystal structure of the
product.

In this work, we have prepared solid solutions
LiSi;N3-AIN and investigated their microstructure.
Both AIN and LiSi; N3 have wurtzite-type crystal struc-
ture, thus unlimited solubility between these com-
pounds is expected. To provide the highest degree of
component homogeneity and to decrease the synthe-
sis temperature, polymeric amide precursors have been
synthesized, first.

2. Experimental

The polymeric amide precursors have been obtained
by the reaction of different molar ratios of lithium alu-
minum hydride LiAlHy (Merck >97%; additionally
recrystallized from diethyl ether) with melted
tetrakis(methylamino)-silane Si(NHCH3), (prepara-
tion see [15, 16]) at 50°C for 1 hr under stirring in
argon atmosphere. An intense evolution of hydrogen
was observed in the course of the reaction. To pro-
vide better cross-linking of the oligomers obtained,
the reaction mixture was heated in a flow of ammo-

0.0 40.0

nia at 150°C for 3 hrs. The resulting polymeric product
was a colorless glassy solid of the bulk composition
Li,Al,Si, (NCH3),(NHCH3),, with n:m ratio corre-
sponding to the molar ratio of the reactants, and with
varying x and y.

Further ammonolysis of the polymeric precursors
was carried out in molybdenum boats at 900°C for
10 hrs in ammonia flow, to allow elimination of
—CHj3 groups (determined max. carbon content after
treatment ~0.05 at.%). Finally, the thermal decompo-
sition, leading to cleavage and elimination of imido-
and amidogroups, was carried out in covered tantalum
containers at 1300°C for 3 hrs in argon flow, resulting
in the formation of Li,Aljy_3,SiNi2. According to
elemental analysis data, there was no contamination of
the samples by molybdenum or tantalum.

The samples were examined by powder X-ray
diffraction (XRD) with a STOE STADI P diffractome-
ter (transmission mode, germanium monochromator,
using Cu K,, radiation). Elemental maps were obtained
with a PHILIPS XL30TMP scanning electron micro-
scope.

Two samples were characterized by high resolution
electron microscopy (HREM) and selected area diffrac-
tion (SAD). The preparation of the samples for HREM
was performed in a glove box under dry argon. The sam-
ples were crushed in an agate mortar to obtain thin trans-
mittable crystallites which were randomly oriented on
a perforate carbon/copper net. These nets were fixed in
a side-entry, double tilt holder, with a maximum tilt-
angle of £25°. The electron microscopy studies were
performed with a Philips CM30/ST microscope (spher-
ical aberration constant Cs = 1.15 mm) equipped with
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Figure 1 XRD patterns of the samples B, C, D and E after annealing at 1300°C for 3 hrs. For the comparison, calculated theoretical patterns for

LiSipN3 (ICSD-34118) and AIN (ICSD-82790) are included.
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a LaBg-cathode. Operating at 300 kV the point resolu-
tion is 0.19 nm. SAD patterns were obtained using a
diaphragm which limited diffraction from a region of
the selected crystallite of 125 nm in diameter. Simula-
tions of kinematical electron diffraction patterns and of
HREM images (multislice formalism, spread of focus
A =7 nm, illumination semiangle « = 1.2 m rad) were
calculated with the EMS program package [17].

Ionic conductivity measurements were carried out
on the pressed samples placed between silver cylinders
over a temperature range from 30 to 700°C in argon.
The AC impedance of the samples was measured over
the range 5 Hz < f < 1.3-107 Hz using a HP 4192A
impedance analyzer; the electronic contribution to the
conductivity was determined by DC measurements
using a HAMEG 8112 multimeter.

3. Results and discussion

3.1. Chemical and phase composition
Samples of five different stoichiometries have been
prepared, the chemical compositions of which were
studied before and after high temperature annealing
(Table I). A significant weight loss of lithium due to

TABLE I Initial and final stoichiometry the prepared samples

evaporation has been noted in the samples D and E af-
ter treatment at 1300°C for 3 hrs. The oxygen content
was found not to exceed 1.2 at.% in all samples.

The XRD analysis of samples annealed at 1300°C for
3 hrs has shown that, with the exception of sample A,
they are single-phase, and their diffraction patterns sug-
gest orthorhombically distorted wurtzite crystal struc-
tures, similar to that of LiSi;Nj3 (Fig. 1). A consis-
tent shift of the lattice parameters, with increasing
aluminum content, confirms the formation of solid
solutions.

It should be noted, that a synthetic approach based
on the interaction of LiAlH4 with Si(NHCH3)4 puts
some limitations on the stoichiometry of the polymeric
amide precursors. The only possible cation ratios are
those lying on the dashed line connecting Si3N4 and
[LiNy 3 - AIN] (Fig. 2). The loss of lithium in samples
D and E during high temperature annealing thus leads
to a shift of their cation stoichiometry to the points D’
and E', approaching the proposed line of solid solutions
LiSi;N3-AIN. The elemental analysis confirms, that the
ratio of Al:Si remains unchanged and that the cation to
anion ratio in the samples D and E approaches 1:1
(Table I).

The compositional decay, leading to the formation
of a solid solution Li, Al;»_3,Si,, Ny, and SizNy, could
be expected for the sample B, lying below the line

Initial ratio  Final ratio  Final bulk . . of solid solutions LiSi,N3-AIN. However, the forma-

Sample Li:Al:Si Li:AlL:Si composition Cation:Anion . . . .
tion of the single phase is observed for this sam-
A 02:02:1 02:02:1 LijsAl;sSizsNi2 0.88:1.00 ple as well, suggesting the stability of cation defi-
B 04:04:1 04:04:1 LizsAlysSicsNiz 0.94:1.00 cient Lis 5Al, 5Sig 3N15 solid solution. Yet it maintains
C 05:05:1 05:0.5:1 LizpAl;0SigoNi2 1.00:1.00 a wurtzite-derived crystal structure, the general for-
D 07:07:1 05:07:1 L12‘3A13‘7515.5N12 1.00: 1.00 mula corres Ondin to M 0 X (Where 0= Cation

E 30:3.0:1 05:3.0:1 LijsAlgoSiasNpp 1.01:1.00 p g 0.94-0.06 =

vacancy).
LiN,
Li,AIN,
. ‘ 06
0.5/\ \//\/M[LiN1/3~AIN]
0.6 /WM/M 0.4
0.3
0.2
0.9 -
1.0
! f 1
= 0.0 0.1 0.2 0.3
SIN4/3

Figure 2 The positioning of cation stoichiometries for the studied samples, relative to LizN-AIN-Si3Ny ternary phase diagram, before annealing at
1300°C (points A, B, C, D and E) and the occurring compositional decay during the annealing (indicated by arrows) are shown. The line connecting
LiSi;N3 and AIN corresponds to the proposed region of solid solution formation.
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Figure 3 XRD pattern of the sample A after annealing at 1300°C for 3 hrs. (A- peaks related to Li, Alja—3,SizNj2 solid solution; all unmarked

peaks correspond to «-SizNy.)

A stronger deviation of the cation ratio from the line
of LiSipN3-AlN solid solution (sample A), leads, finally,
to the formation of two phases, by which the above
mentioned compositional decay to Li, Aljp_3,Sisc Ny
(x = 3) solid solution (corresponding to point C) and to
a-Si3Ny occurs (Fig. 3).

3.2. Microstructure features

For the compounds attaining a wurtzite-derived crystal
structure and containing several types of metal atoms,
there are the possibilities of either statistical or ordered
arrangement of them. Wholly statistical arrangement
leads to undistorted hexagonal symmetry (P6zmc),

while an ordering of metal atoms with different radii
would lead to some type of distortion—first of all, an
orthorhombic distortion to mm?2 symmetry is expected.
The presence of superstructure peaks in the region of
260 < 30° in the XRD patterns of the samples B, C, D
and E is indicating, that pure hexagonal symmetry does
not appear for the LiSioN3-AlIN solid solutions. Thus,
some sort of metal atoms ordering is assumed in these
samples.

If the ordering occurs, the replacement of alu-
minum in AIN by two other metal atoms, one of
which is silicon, could lead to the formation of several
superstructures:

Figure 4 Superstructures of wurtzite-type crystal structure: (a) MgSiN2 (ABX»-type), (b) LiSiaN3 (AB2X3-type).

5308



50nm

Figure 5 Typical TEM micrograph of a conglomerate of nanosized particles (top) and pseudohexagonal nanocrystal (bottom).
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ABX, = M'SiN superlattice (space group Pna2;) [10] related to the
— : : e hexagonal AIN cell by:
MX < AB,X3 = M'Si,N; , M"AISiN;

e
\\
~
~

AB3Xy = MIA1512N4 s MHAIZSiNd, Qortho ~ ‘/ga hexs  Dortho = 2qhexs  Cortho A Chex

Compounds of the composition MISiN, (with M= (see Fig. 4a). Compounds M!Si,N; and M"AISiN;
Be, Mg, Mn) are known to form an orthorhombic (with M!'=Li; M"T=Be, Mg, Mn, Ca) have a
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Figure 6 Examples of SAD patterns obtained in the framework of the tilting experiments. Zone axis orientation [101] (top), [103] (middle) and [112]
(bottom).
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different orthorhombic superlattice of AIN (space
group Cmc2) [10] with M atoms in position 4a, Si
and Al sharing position 8a, and with:

dortho ~ 3anex;  Dortho = ‘/ga hex> Cortho ~ Chex

(see Fig. 4b).

The third type of compositions, for which a wurtzite-
superstructure could be expected, includes two possible
compounds M'AI1Si,N,4 and M"A1,SiN, which are not
known from the literature. The existence of complete
solubility between BeSiN; and AIN implies in principle

the possibility to form BeAl,SiN4. However, no order-
ing has been observed for Be;_, Si;_, Al,, N> solid so-
lutions in the range 0 < x < 1, suggesting completely
disordered hexagonal wurtzite-type crystal structure
[11]. The low diffusion rate is considered to be the
reason for the atoms not to order. The other compound
mentioned, M'AISi,N, (with M' =Li), is a member of
a row of solid solutions Li, Alj>_3,Si>Nj», studied in
this work (see sample C).

The peak positions in powder XRD patterns
for the samples B, C, D and E suggest that a
wurtzite-superstructure AB,Xs (space group Cmc2)
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Figure 7 Simulated (top) and experimental SAD pattern (bottom) with zone axis orientation [001].
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is formed by all of them. Nevertheless, the compari-
son with calculated theoretical patterns showed that ob-
served intensity relations correspond neither to a fully
ordered structure—with one atom type in position 4a,
another in position 8a and the third one being statis-
tically disordered on these positions,—nor to a fully
disordered structure with all metal atoms equally dis-
tributed over positions 4a and 8a. Thus, the interme-
diate situation with partial or local ordering of metal
atoms in 4a and 8a has to be assumed.

All attempts to index the patterns for the single phase
samples in the orthorhombic crystal system failed, sug-
gesting that the crystal structure might be distorted, and,
therefore, the symmetry be lower than orthorhombic.
Another possible explanation is that these solid solu-
tions possess an irregular microstructure, distorted by
extended defects or microdomains with symmetry, and
probably composition, variations. Very high FWHM
values (about 0.4-0.5°), especially for superstructure
reflections (200), (110) and (111), observed even after
additional annealing of the samples at 1300°C for up
to 10 hrs, support the latter assumption as well. Simi-
larly, the structure refinements reported for MgAISiN3

'."I.‘I.
" BE BE BRAR LR R
2 2% 2 % % A
228 "B R

- T
2% % 2
. 2" 2 A0 A B

and for MnAISiN3; did not give entirely satisfactory
R-values for reasons not currently apparent [10].

It has already been realized in the past that high tem-
perature sintering does not work very well in the case
of oxygen-free covalent nitrides containing Si-N bonds.
To achieve a significant diffusion rate in these ceram-
ics, some amount of oxygen should be present to form
an oxonitride liquid on the surface of the crystallites
at the temperature of sintering. Therefore, in attempt-
ing to improve the crystallinity, a part of the sample C
has been partially oxidized, by exposing it to air for
several minutes before annealing at 1300°C (denoted
as “sample C-ox”). The oxygen content in the sample
C-ox was found to be 6.1 at.%. This treatment led to a
decrease of FWHM values after annealing at 1300°C
to 0.2-0.3° 26, with retaining the crystal structure sim-
ilar to non-oxidized sample C. The profile matching
for this sample in Cmc2, converged at R, =8.79%
and Ryp = 16.79%, with cell parameters a =9.260 A,
h=5.333 A, c=4.869 A.

To elucidate the defect structure and prove the pos-
sibility of local ordering of metal atoms in LiSi,N3-
AIN solid solutions, samples C (0.8 at.% O) and C-ox
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Figure 8 Left: HREM micrograps, zone axis [001] with variable defocus (Af = —20 nm (top), and A f = —35 nm (bottom)), simulations inserted

(thickness: 2.4 nm). Right: projected crystal potential.
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(6.1 at.% O), having the simple integer-numbered ratio
of cations (Li: Al: Si=1:1:2), have been studied by
high resolution electron microscopy.

All electron diffraction patterns have been obtained
while performing tilting experiments and could com-
pletely be indexed on the basis of a disordered structure
model (see Table II), which is related to the orthorhom-
bic structure of LiSi,N3. This structure model serves as
a basis for computer simulations and identification of
the zone axis. The cations M occupy tetrahedral cavities
in statistical disorder. The ratio of the occupancy factors
G(Li) : G(AD) : G(Si) is 1:1:2 for all positions.

TABLE II Orthorhombic structure model of LiAlSi;Ng4 (Cmc2;,
lattice parameters [nm]: a =0.9260, b=0.5333, ¢=0.4869, V =
0.2405 nm?)

Atom X y b4
M1 0 0.333 0
M2 0.168 0.834 0.984
N1 0.192 0.860 0.348
N2 0 0.290 0.424

The shape and size of the particles is very similar
for sample C and C-ox. A conglomeration of irregular
oval particles in the range of 40-140 nm is shown in
the typical TEM micrograph in the upper part of Fig. 5.
All particles are crystalline, no amorphous byproducts
or larger amorphous regions in the nanoscaled crystals
were observed. Some of the crystallites exhibit a well
defined morphology with sharp edges, especially when
aligned (Fig. 5, bottom) in the zone axis orientation
[001]. These aligned crystals possess approximately the
shape of a hexagonal plate. As indicated by electron
diffraction the vertical axis of those plates is [001].

In order to check the symmetry of selected crystals
electron diffraction and HREM analyses were per-
formed. The observations emphasize the main differ-
ence between both samples. Only in the case of sample
C-ox the crystallites do not exhibit any defects. Electron
diffraction patterns of thin regions of the crystallites
agree reasonably well with the calculated ones, assum-
ing the orthorhombic structure (examples presented in
Fig. 6). However, the exceptions are found in the ob-
served patterns with the zone axis orientation [001],

Figure 9 HREM image of a domain crystal (sample C), zone axis [001] with Fourier transforms of selected regions (see marks in the HREM image).
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showing in juxtaposition to the calculated pattern a per-
fect hexagonal distribution of the intensities (see Fig. 7).
Multiple twinning, which could produce a hexago-
nal symmetry as an artifact by superposition of three
orthorhombic domains has not been found. An unam-
biguous distinction between hexagonal and orthorhom-
bic symmetry is possible by HREM. The pseudo-
hexagonal symmetry of the orthorhombic structure
(orientation [001]) is also emphasized by the projected
potential (Fig. 8). On the whole, the deviations of sim-
ulated and experimental images from a regular hexag-
onal structure are very small and depend significantly
on the crystal thickness and the defocus value. In the
HREM micrographs of Fig. 8 the orthorhombic sym-
metry of the structure is noticeably visible only for
Af =—35 nm. Thus the existing orthorhombic struc-
ture should be very close to hexagonal symmetry.

The HREM images observed for the crystals of
sample C could not be interpreted on the basis of a sim-
ple three-dimensional structure model. In this case we
found a complex structure of microdomains with sizes
of several nanometers. This domain structure of the
crystallites leads to considerable shifts of the contrasts
in HREM images. The single microdomains are also
characterized by significant changes in the Fourier
transforms, see Fig. 9. These Fourier transforms give
a first hint, that microdomains with another symmetry
than an orthorhombic one are present within the same
crystallite.

Also, between neighboring microdomains with equal
Fourier transforms crystal defects could be detected.
Especially for those zone axis orientations with [001]
perpendicular to the beam direction crystal defects
could be observed. These defects are defined by a shift

Figure 10 Top: SAD patterns, zone axis [110], of an undistorted crystals (left, sample C-ox, no diffuse scattering) and a distorted crystal (right, sample
C, diffuse elongation of the Bragg reflections in [001]*). Bottom: HREM image of a crystal defect (left), orientation [130]. As indicated by the arrows,
the microdomains are shifted by approximately 1/2|¢|. Right: Fourier transform of the image.
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Figure 11 Top: HREM image of the twin domains, zone axis [001]. Middle: SAD patterns of the different regions of the twinned crystal (left: domain
1, middle: overlap of domain 1 and 2, right: domain 2). Bottom: enlarged section of the SAD pattern taken in the region of the overlapping domains.
The reflections of the two domains cannot be connected by the displayed line, which represents the directions [100]} or [010]5.

of the domains in [001] and are manifested by a diffuse
elongation of the Bragg reflections in electron diffrac-
tion patterns and Fourier transforms in the direction
[001]* (displayed in Fig. 10 for [110] and [130]). By
HREM this shift is determined to approximately 1/2|c|,
see the HREM image in Fig. 10 bottom left for the orien-
tation [130]. Finally we come to the conclusion, that the
great variety of contrasts depends strongly on the over-
lap of microdomains with partly different symmetry.
Frequently even microdomains with equal symmetry
are not ideally compatible and therefore cannot be su-
perimposed without the production of crystal defects.
Another interesting, but only rarely observed, fea-
ture of the real structure which is limited to sample C
are twin boundaries. The upper part of Fig. 11 shows
the separated domains in the left and right part of
the HREM image. The corresponding diffraction pat-
terns are displayed in the lower part. The intersection
of the tilted domains results in superposition, which
is visible in the center parts of the HREM image
and the corresponding SAD pattern. At first glance
the twin domains are connected by a rotation of 90°

around [001], and therefore they should be described
as pseudo-merohedral twins. On closer inspection of
diffraction patterns in the orientation [001], there is only
an approximate coincidence of the reciprocal directions
[loo]zomain 1 with [Olo]zomain 2 and [loo]zomain 2 with
[01015, a0 1> TeSPectively, see Fig. 11 bottom. Hence
we concluded that these twins must be described as ro-
tation twins, with the twin axis [530]*. The deviations
from a perfect pseudo-merohedry could be quantified:
the angle of 46.2° between [100]* and [530]* (instead
of 45° for perfect twining by pseudo-merohedry) is
responsible for these small distortions.

3.3. Electrochemical properties

The total conductivities of the samples were measured
by the complex impedance method. The electronic con-
tribution was found to grow with an increase of the alu-
minum content in the sample, being, however, less than
10% for sample E and less than 1% for samples B, C
and D. Thus, most of the conductivity is caused by the
migration of lithium ions.
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Figure 12 Comparison of the ionic conductivity values measured at 400 K for LiSioN3-AIN solid solutions (samples B, C, D and E), LizAIN; [18]

and lithium nitridosilicates Li-Si-N [5].

The ionic conductivity of solid solutions LiSi;N3-
AIN has been measured to be significantly lower than
that of LiSi;N3. The lower amount of lithium is as-
sumed to be the main reason for deterioration of the
ionic conductivity. A direct correlation between lithium
content and ionic conductivity in Li-Al-Si-N system
can be readily seen from Fig. 12. An increase of ac-
tivation energy is observed for the samples under dis-
cussion, being in the range of 68—80 kJ/mol, compared
with 64 kJ/mol for LiSi, N3 [5].

4. Conclusion
The formation of solid solutions between LiSi,N3 and
AIN has been observed during thermal decomposi-
tion of polymeric amides. The obtained samples with
bulk composition Li,Aljr_3,Sip Ny (1 <x <3) pos-
sess wurtzite-derived crystal structures with an or-
thorhombic superstructure related to LiSi;N3. The
comparison of intensity relations in various theoreti-
cal models and observed patterns suggests that in space
group Cmc2, every metal atom type could occupy both
positions, 4a and 8a, although their distribution is not
completely random, and preferred ordering of Li atoms
at 4a is assumed. Thus, the structure can be regarded
as partially or locally ordered. Structure refinement for
the samples obtained showed that there is an obvious
bulk inconsistency of the crystal structure connected
with quite diffuse superstructure reflections; as a con-
sequence, reasonable R-values cannot be achieved.
The examination of Li, Alj;_3,Siz N, samples with
metal atomratio 1 Li: 1 Al: 2 Siby high resolution elec-
tron microscopy revealed the existence of nano-sized
crystallites with a high defect content and complex mi-
crodomain structure. By partly substituting nitrogen for
oxygen, the diffusion rate at the temperature of anneal-
ing can be increased, leading to accelerated elimina-
tion of extended defects. Most of the observed defects
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in the low-oxygen content sample are obviously con-
nected with a shift of the domains along [001]. Taking
into account possible slight deviations of the M:X ratio
from 1:1, the locally formed wurtzite-based Ramsdell
polytypoid structures M,, X, or antipolytypoid struc-
tures M,,;1X,, with high n values can be assumed to
be responsible for the defects formation along [001].
Such deviations could occur due to deficiency or, on
the contrary, due to excess of lithium in the structure,
or due to accommodation of oxygen atoms in it. Obvi-
ously, the disordered stacking (quasi-2H?) of structural
units in this case results in the high diffusiveness of the
superstructure reflections observed in the XRD powder
patterns.

The Li* ion conductivity of solid solutions as pre-
pared is lower, than that of LiSi;N3, which is evidently
determined by the amount of Li* ions among the metal
atoms.
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