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Abstract

Tao* and NB*-based oxynitride perovskites of the AB® type (A=Ca, Sr, Ba) were synthesised by ammonolysis of complex oxide
precursors. These precursors were either crystalline perovskites or amorphous xerogels prepared by solid—solid reaction and by soft chemisi
methods, respectively. Phase purity of the oxynitrides was verified by X-ray diffraction (XRD) and their crystal structures were determined by
Rietveld refinements. The morphology of the obtained powders was characterised by scanning electron microscopy (SEM). Thermal stabilit)
was investigated by thermogravimetric analysis (TGA) coupled with mass spectroscopy. Oxidation studies reveal an intermediate produc
that gives rise to a characteristic weight gain in the TG curve. This intermediate was found for all the examined oxynitrides in oxidising
atmosphere. Investigations by Raman scattering revealed the presence of dinitrely@to@dsely bound to B and#B bonds (B = transition
metal) in the intermediate compounds. Mass spectral analysis confirmed molecular nitrogen evolution indicating tie&diNed during the
oxidation reaction. At higher temperaturds{(800-1000C) the dinitrogen is released leading to the formation of the corresponding oxides.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction applicationg3] because of their unusual dielectric behaviour
[4], transport[5] and optical propertief6], ionic conduc-
There is an ongoing quest for new materials possessingtivity [7] as well as their catalytic activity. For instance they
improved properties especially in electronics, energy are able to act as substitutes for noble metal catalysts like
conversion and environmental applications. Perovskite-type Ir, Pt and Pd8]. Currently, the photocatalytic reactivity for
compounds are of particular interest since it is possible the photolysis of water has been studj@H Their refractive
to control the properties of these materials by suitably index and colour also suggest novel opto-electronic applica-
modifying their composition. This leads to changes in tions[10,11]. Additionally, perovskite oxynitrides have been
their crystallographic and electronic structures. While suggested as non-toxic and eco-friendly potential substitutes
cation substitutions have been investigated since decadegor toxic metals in the yellow—orange—red Cd(S,Se) pigments
[1], comparatively little is known about anion-substituted [12,13].
perovskites, especially about oxynitrid@$. However, tran- Oxynitride perovskites are generally derived from the cor-
sition metal oxynitrides are interesting for various possible responding oxides by introducing nitrogen into the anionic
network. The resulting increase of negative charge is com-
* Corresponding author. Tel.: +49 821 598 3012; fax: +49 821 598 3002. pensated by () cationic substitution at the A Slte.. g
E-mail address: stefan.ebbinghaus@physik.uni-augsburg.de Lag/3TapOp — AcLaz3TaxOs N, Where A=Na, L{7]), (ii)
(S.G. Ebbinghaus). changes in the oxidation state of the transition metal (e.g.
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SrMoOy — SrMoG, 5Ng 5 [14]), and (iii) reduction of the In case of tantalates the solutions in some cases turned turbid

number of anions (e.g. CaTag@— CaTaQN [15,16]). because of precipitated metal hydroxides. Therefore, these
The conventional synthesis for oxynitrides is by solutions were heated at 6C until re-dissolution of the

ammonolysig15]. Other non-conventional synthesis routes hydroxides was achieved. Stirring was further continued for

are, e.g. reactions of TaON with alkaline earth oxifieq, 12 h to obtain stable A-Ta/Nb-citrate complexes (A=Ca, Sr,
plasma nitridatiorf18], thermal decomposition of ammonia Ba). Afterwards, the solvent was removed on a rotary evap-
adductg[19], or the use of azides as nitrogen souj2@]. orator. The solution became progressively viscous and when

One disadvantage of the classical ammonolysis is that theheated at 90C for 12 h, a bubbly gel was obtained. The prod-

reactions are usually slow, i.e. many reaction cycles have touct was oven dried for 12 h at 12CQ and for 24 h at 200C.

be carried out to achieve pure oxynitrides. In many cases The organic constituents were destroyed by burning the dried

halides were used as mineralisers to increase the reactiorA-Ta/Nb-citrate gels at 650C, which resulted in purely white

rate[12,21,22]. On the other hand, it is well known that soft powders. These powders are denoted as xerogel precursors

chemistry methods, especially the decomposition of citrate in the following.

complexes lead to fine particles which in most cases possessa To obtain crystalline AB,O7-type oxides, these amor-

high reactivity[9,23]. In this paper we present the preparation phous xerogel precursors were calcined in air at T@for

of alkaline earth oxynitrides of Nb and Ta by both conven- 24h.

tional solid state technique and ammonolysis of decomposed

citrate precursors. The different samples are compared with2.4. Ammonolysis

respect to their morphology, physical properties and thermal

stability. The oxide precursors (crystallineB,O; and amorphous
xerogels, respectively) were treated with flowing ammonia
to obtain the intended oxynitrides. To study the effect of

2. Experimental halide-mineralisers, equimolar amounts of NaCl were added
to some of the reaction mixtures. Roughly 1 g of each sam-
2.1. Synthesis procedure ple was weighed into an alumina boat and placed in the

reaction quartz tube that was flushed with dds. The tube
Oxynitrides ABQN (A=Ca, Sr, B=Nb, Ta) were pre- was evacuated and refilled with ammonia. Ammonolysis was
pared from their oxide precursoreBoO;. The synthesis of  carried out with an ammonia gas flow of 50-150 ml/min in
the precursors was carried out by either soft-chemistry meth-the temperature range between 600 and @) fter 18 h
ods[24,25] or conventional solid—solid reactions. Since for the furnace was switched off and allowed to cool down.
the Ba compounds 8,07 phases do not exist, the reactions When the temperature was below 2% the ammonia

lead to mixtures of BéB4O15 and BaBOg with a corre- flow was changed to nitrogen. Thereafter, the samples were
sponding nominal composition. cooled to room temperature in nitrogen atmosphere. This

procedure was repeated until single-phase oxynitrides were
2.2. Ceramic synthesis obtained.

Stoichiometric amounts of the starting materials CgCO 2.5. Characterisation
(Merck), SrCQ (Aldrich), BaCG; (Aldrich), TapOs (Serva),

Nb2Os (Aldrich) were mixed with iso-propanol and were The microstructure of the samples was specified with a
well ground in an agate mortar. After drying, the powders Philips FEI XL 30 FEG Environmental Scanning Electron
were placed in alumina crucibles and heated at 2@for Microscope. X-ray patterns were measured with Curidi-

24 h (Ca-oxides) and 110@ for 48 h (Sr-oxides), respec- ation using a Seifert XRD 3003-TT diffractometer. Data used
tively. For the Ba—Ta/Nb-oxides, a stepwise calcination from for confirming phase purity were recorded in ardgime of
1000 to 1150C for 24 h was carried out with intermediate 10-80 (step scan of 0.020with a counting time of 2s per

grindings. step). For the refinement of cell parameters, XRD patterns
were collected in the range 15-1520 (step width 0.010
2.3. Soft-chemistry method with counting time 5 s per step).

The thermal degradation of the oxide precursors prepared
The synthesis procedure for the oxide/xerogel precur- by the citrate route and the thermal stability of oxynitrides
sors using citric acid as the complexing agent is outlined in in oxidising atmosphere were investigated on a NETZSCH
Fig. 1. Gels containing the corresponding metal cations were STA 409C thermobalance connected to a Balzers QMG
prepared by dissolving 0.01 M of Tag_{Merck) or NbC}k quadrupole mass spectrometer by a skimmer coupling sys-
(Riedel-de Haen) with 0.04 M anhydrous citric acid (Fluka) tem. For the decomposition of the citrate precursors the mea-
in dry ethanol. Stoichiometric amounts of aqueous solutions surements were carried out in the range of 25—-F2ZDn
(0.01 M) of the corresponding metal nitrates Ca@4H,O synthetic air with a heating rate of 10 K/min. The oxidation
(Fluka), Sr(NQ) (Fluka), Ba(NQ)» (Aldrich) were added. reactions of the oxynitrides were performed in an oxidising
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TaCly/NbCly + C,HO,
(0.01M) (0.04M)
dissolved in 50ml dry EtOH

Aqueous Metal Nitrate A(NO;),
(0.01M)

Stirring for 12h at R.T.
(+ heating to 60°C)

Evaporation under vacuum at
60°C

Gelation (12h 90°C)

Ta/Nb-A-citrate gel

Drying
(12h 120°C and 24h 200°C)

|

Burning of the organic matrix
(24h 650°C)

Calcination (24h 1000°C)
Xerogel precursor Oxide precursor
Ammonolysis Ammonolysis
Oxynitride Oxynitride

Fig. 1. Flow chart for the synthesis of oxynitrides by the soft chemistry method.

atmosphere of 80% Ar/20%and 99% Ar/1% Q, respec- 3. Results and discussion
tively.

Raman scattering experiments were performed at room3.1. Synthesis of oxide/xerogel precursors
temperature in back-scattering geometry using a Jobin Yvon
micro-Raman system based on an Olympus BX41 optical In the following section the classical solid state reaction
microscope. Circularly polarised excitation light (514.5nm) pathway is compared with the soft chemistry citrate route.
of an Ar* laser (Coherent Innova 200) was coupled via opti- The latter involves the complex formation of the different
cal fibres into the microscope system and focused onto thecations, the polymerisation of the complexing agent and
sample. The laser power on the sample was kept belowfinally the decomposition of the organic matrix resulting in
10mW to avoid laser-induced chemical decomposition. The the powder precursor. Citric acid was used as complexing
scattered light was collected via the microscope objective. agent because it has the advantage of forming stable solu-
Elastically scattered light was rejected by a Kaiser Optics tions with varying stoichiometries. Hence, it can be used to
holographic Notch filter before coupling the Raman scattered synthesise a large number of compositions, which cannot be
light into the spectrometer system (Acton Research corpora-obtained by conventional solid state methods. It was found
tion SpectraPro-500). The spectra were detected by a liquidthat temperature is an important factor during complexation,
nitrogen cooled ISA CCD2000 camera. because insoluble precipitates, which were formed due to
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Fig. 3. X-ray profiles showing the crystallisation of the amorphous pre-

erate heating of the reaction mixture. cursors at different temperatures during the synthesis process of strontium
To establish an appropriate decomposition temperature for nigpium oxide.

the organic matrix, oxidation of the different citrate gels was
investigated by thermoanalytic measurements. As an exam-foute and of the samples obtained by conventional solid state
ple, Fig. 2shows the reaction of a Sr—Nb-gel during heating synthesis methods were found to be identical.
from room temperature to 120C. Volatile reaction prod-
ucts were monitored by mass spectroscopy. As can be seers.2. Ammonolysis reaction
the reaction involves three major steps. The first step occurs
between approximately 100 and 18D and is accompanied The various oxide precursors were heated in an ammo-
by a loss of water (m/z 18). It can therefore be assigned to nia flow of 50-150 ml/min to synthesise the oxynitrides. For
a “drying” of the gel that might either be due to an evapora- the crystalline oxides prepared by ceramic reactions, the for-
tion of absorbed water or to a continuing polycondensation mation of oxynitrides according to E{{L) was in most cases
of the citric acid. The main weight loss occurs between 250 achieved at atemperature of 98D. Only for some of the tan-
and 400°C. Within this temperature range the vast major- talates the reaction temperature had to be increased. While
ity of the organic matrix is burned as can be seen by the CaTaQN was formed from Cgla,O; after 36 h at 950C,
evolution of both HO and CQ (m/e =44). Finally, a third the temperature for ammonolysis had to be raised to 1600
weight loss is observed at about 6@ Again, mass spec- for SrTaQN and BaTaGN. In addition, the reaction time
troscopy shows the formation of G@nd small amounts of  had to be strongly increased. Single-phase SyMa@as
H20. This last step is either caused by the burning of the formed after 90 h, while BaTafM was achieved after 126 h.
residual organic component or due to the decomposition of A similar effect was observed for the niobates: SrNNWas
bicarbonates formed in the preceding step. formed from SgNbyO7 in 54 h at 950C and BaNbGN was

The formation of crystalline phases during decomposi-
tion of the precursors was analysed by ex-situ XRD. The
X-ray profiles of the xerogel/oxide precursor calcined at
different temperatures are shown kigs. 3 and 4for the
strontium—niobium and strontium—tantalum xerogel precur-
sors, respectively. The structural evolution of the oxide per-
ovskite is revealed by the progressive crystallisation of the
amorphous precursor starting at around BD0At 1000°C
the XRD patterns correspond to the single-phase layered
perovskite oxide of SINb,O7 and SpTapO7 (Fig. 4), respec-
tively. For comparison, oxides of the compositionB¥O7 i —
(A=Ca, Sr, B=Ta, Nb) were also prepared by the classical N S
ceramic method. In the case of Ba-based compounds, the X- , 700°C,

1000°C

Intensity

L il I il ! G N R I
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ray diffraction patterns reveal two phases, namelyHB®15 : . r . - : - T -
. . 20 25 30 35 40 45
(n=5 member of the perovskite slab serie®y_103,) and 209

BaB,Os. These oxides have been reported during phase equi-

librium studies of the BaO-NI®s system[26]. The X-ray Fig. 4. Formation of crystalline $faO; from the amorphous soft-
patterns of the calcined precursors from the soft-chemistry chemistry precursor.
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Fig. 5. Structural refinements of oxynitrides: (a) CaNbicand (b) STINbGN.

formed after 90 h. The synthesis temperature for CaMbO  highest temperatures if crystalline oxides are used as starting
is critical because Nb@, is very stable at such high tem- materials. Adding halides significantly reduces the reaction
peratures and cannot be eliminated. Kim ef2i] therefore time and temperature. Furthermore, these additives suppress
synthesised CaNbfDl with the aid of mineralisers. Miner-  the formation of binary (oxy)nitrides, which occurs at higher
alisers help to overcome the diffusion barrier between the temperatures due to the reducing character of ammonia. The
ions and thus allow reactions at lower temperatures. To avoid usage of amorphous oxide precursors lowers the reaction tem-
the formation of niobium oxynitride, we prepared CaNbD perature even more. Additionally, a possible contamination of
at 750°C in the presence of a mixture of KCl and NaCl. For the oxynitrides by the alkali fluxes can be excluded, making
the other oxynitrides, KCI was used as flux. The Ca- and it the most favourable preparation route.
Sr-tantalates were formed at 98D with an ammonia flow
Of 50 ml/m|n W|th|n 18 h and the Sr'niobate was Obtained 33 Crystal Structure and morphology
in 36 h. The Ba-compounds of tantalum and niobium could
be prepared in 54 and 72 h, respectively. The obtained com-  Crystal structures and cell parameters have been deter-
pounds were checked for the elimination of the halide by mined by Rietveld refinement calculations using the pro-
leaching the samples in distilled water and testing the filtrate gram Powder Cel[27]. As examples, the refinements of
with AgNOg3 solution. From the above-mentioned observa- CaNbGN (flux-assisted ceramic method) and Srbcit-
tions it is apparent that halide fluxes considerably reduce therate route) are presented filg. 5. The obtained results are
time for the formation of oxynitrides. consistent with the models based on the available literature
4,15-17,21,28]. For a given A-type cation the niobium and
A2B207 + 2NHs = 2ABON + 3H20 (@) Eantalum compLunds vgere fourilclj3 to be isostructural. With
Oxynitrides were also prepared from the xerogel precur- decreasing size of the A cations, the same reduction of crys-
sors obtained by the soft-chemistry method. Cald@nd tallographic symmetry as for oxide perovskites was observed.
SrTaQN were achieved at 950 within 36 and 54 h, respec- The Ba compounds proved to be cubic perovskites, while
tively. CaNbQN and SrNbGQN were formed from their  for the Sr oxynitrides a tetragonal distortion was observed.

xerogel precursors at a rather low temperature of°t5h SrNbG:N was lately examined using powder neutron diffrac-
55h, while the Ba-compounds were synthesised at’850 tion, revealing a partial order of the O/N ions on the two differ-
within 60 h. ent anionic sites of the tetragonal distorted struci2@é¢ The

Summarising these results it can be concluded that the for-Ca compounds adopt an orthorhombic structure known as the
mation of oxynitrides requires the longest reaction times and GdFeQ-structure type (space groupuma) [16,21,22]. A

Fig. 6. Crystal structure of oxynitride perovskites: culﬂmém], tetragonal [[4/mcm)], orthorhombic [Pnma].
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Table 1

Structural and physical properties of tantalum and niobium oxynitrides

Sample Synthesis method Crystal system Space group No. Particle size (nmXZ\) b (A) c (A) Colour
CaTaQN Ceramic Orthorhombic Pnma 62 200-250 5.6196 7.8879 5.5479 Yellow
SrTaQN Ceramic Tetragonal I4lmem 140 400-700 5.6964 - 8.0934 Orange
BaTaQN Ceramic Cubic Pm3m 221 200-250 4.1109 - - Snuff
CaNbON Ceramic Orthorhombic Pnma 62 400-450 5.6433 7.9068 5.5542 Ochre
SrINbON Ceramic Tetragonal I4Imem 140 250-300 5.7056 - 8.1002 Snuff
BaNbO:N Ceramic Cubic Pm-3m 221 250-350 4.1267 - - Black
CaTaQN Soft-chemistry Orthorhombic ~ Pnma 62 350-400 5.6223 7.8940 5.5503 Yellow
SrTaQN Soft-chemistry Tetragonal I4/mem 140 5.6917 - 8.0777 Orange
CaNbON Soft-chemistry Orthorhombic ~ Pnma 62 Ochre
SrINbON Soft-chemistry Tetragonal I4Imem 140 5.7077 - 8.0985 Snuff

comparative view of the structures of the niobium perovskite very small spherical particles (<Oun) was observed for
oxynitrides is presented iRig. 6. Crystallographic data and BaTaQN. An illustrative example for the influence of the
average particle sizes of the oxynitrides under investigation halide mineralisers is shown rig. 7d. CaNb@N synthe-
are given inTable 1. It is to be noted that all samples show sised by the mineraliser-assisted ceramic method consists
intense colours, while their corresponding oxides are colour- of highly crystalline particles with well-defined rectangular
less. This effect can be explained considering the nature of theshapes and smooth surfaces. The particle sizes range from
anionic species. Despite its higher charg; Has a smaller 200 to 400 nm. In contrast, CaNb® and SrNbQN pre-
electronegativity than & . The nitride ion is therefore softer  pared by the soft-chemistry method appear rather foamy with
and the M-N bond exhibits a stronger covalent character than highly agglomerated irregular particles ranging from a sub-
the M—O bond. This effect reduces the band gap of the com- micrometer size (SrNbgN) to |-2pum (CaNbQN) as can
pounds and leads to a shift of the optical absorption towardsbe seen irFigs. 7e and f. In conclusion it can be said that
the visible region of the spectruf,25]. the type of the A cations only slightly influences the size and
The morphology of the various oxynitrides and oxide shape of the product particles but a much stronger effect is
materials was investigated by scanning electron microscopy.achieved by changing the synthesis technique.
Fig. 7 shows a comparison of selected alkaline earth oxyni-
trides of tantalum and niobium prepared by (mineraliser- 3.4. Thermal stability
assisted) ceramic and soft-chemistry method. For the samples
prepared by the conventional ceramic method, CaRNx®n- To study the stability of the oxynitrides, annealing exper-
sists of agglomerated irregular particles of approximately iments in air were carried out. Samples were heated in a box
0.2pm diameter, whereas SrTaNexhibits a plate-like mor-  furnace to 1000C with a rate of 3C/min. Small aliquots
phology with particles up to tm size. A dense packing of  were taken out of the furnace at regular intervals and investi-

Fig. 7. . SEM images of oxynitrides: (a) CaTgD- ceramic method, (b) SrTa® — ceramic method, (c) BaTa® — ceramic method, (d) CaNb® — ceramic
method + mineraliser, (e) CaNh® — soft-chemistry method, and (f) SINb® — soft-chemistry method.
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resembled the basic perovskite structure. The decreasing
reflection intensities reveal a nearly amorphous state. With
further increase in temperature, well-resolved reflexes corre-
sponding to the respective oxides emerge. For the different
samples these peaks evolve between 800 and*XD0As an
example Fig. 8 shows the X-ray patterns for the annealing
of SINbON.

The corresponding ex-situ Raman spectra are depicted
in Fig. 9. Two interesting frequency regions can be dis-
tinguished. In the lower frequency range between 100 and
1300 cn1?, the evolution of a strong mode at approximately
840 cnm ! was observed for a temperature above 450T his
band can be ascribed to the NbOctahedra “breathing”
mode. In the high frequency region a characteristic vibra-
tional band at 2320-2340 cth appears. This frequency is
characteristic for the stretching mode of &hd thus indicates
_ o o ~ the presence of dinitrogen in the material. Similar observa-
Ztlgd.if?ér)éStl)tepna]lgggfu?;sstrontlum niobium oxynitride after annealing in air tions were made by Clarke et al. for ZON, [30] and Le

' Gendre during the oxidation of LaTi® [31]. This result

was interpreted as a retention of Molecules due to a weak

gated by ex-situ XRD and Raman spectroscopy. For compar-interaction with the transition metal. It is to be noted that
ison, series of in-situ Raman spectra of selected oxynitride the BQy breathing mode and theoNbeak first appear at the
samples were taken in the temperature range between 20 andame temperature of approximately 48D This indicates
600°C in air with the samples mounted on a special heater. that the sample is completely oxidised (i.e. the oxygen stoi-
The ex-situ Raman spectra (recorded at room temperaturechiometry @ s is reached), while the nitrogen is retained in
on samples which were heated up to a temperdfuaad the crystal framework, which according to the XRD pattern,
cooled down again) agree well with the corresponding in- is basically still a perovskite. Apart from small differences
situ Raman spectra obtained for the sampl@s&ahis finding in temperature, we found identical behaviours for all sam-
demonstrates the stability of the intermediate compounds in ples investigated. Marchand et al. reported similar results for
the thermal conversion process from the oxynitrides to the compounds belonging to the perovskite type with orthorhom-
corresponding oxides and justifies our approach of compar-bic distortion, KNiF, type and tetrahedral wurtzite type
ing results obtained in situ by thermogravimetric analysis structureq31,32]. It therefore seems that the oxidation of
with results obtained ex situ by Raman spectroscopy and bythe nitride ions and the retention of the formed N the
powder XRD. crystal framework is characteristic for various kinds of oxyni-

Powder X-ray diffraction revealed that at temperatures trides/nitrides.Fig. 10 depicts the temperature-dependent
of 450-500C the crystallinity of the samples successively evolution of the peak areas of the{elated Raman signal
decreased resulting in broad diffraction peaks, which still determined by fitting with a Voigt-type line shape (convo-
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Fig. 9. Raman analysis of SrNb® after annealing in air at different temperatures.
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a lower temperature than the corresponding Ta-oxynitrides.
Moreover, CaTag@N (Fig. 11) and SrTaeN (spectra not
shown here) exhibit another characteristic Raman feature at
around 1040 cm! evolving from 500°C on and disappearing
between 600 and 70C. For CaTa@N, in which it is rather
strong, the temperature-dependent intensity of this signal is
added in the lower graph &fig. 10. It presumably originates
from the vibrations of nitrogen atoms triply bound to transi-
tion metal atoms B (Ta in this case) as the observed frequency
is typical of the corresponding stretch modesin several known
N=B complexes. Obviously, in both compounds there are
two different complexes being responsible for the nitrogen
retention as the &N mode at 2330 cmt! is also visible in
their spectraFig. 10also indicates that the=MB signal at
1040 cntlis present in a different (lower) temperature range
than the NeN signal at 2330 cmt indicating that the two fea-
tures really belong to different types of complexes. The other
compounds under study do not show any detectable signal
in the 1040 cm! region and are thus not believed to contain
complexes of the NB type in significant concentrations.

In addition to the ex-situ annealing experiments the ther-
mal oxidation of the perovskite oxynitrides was studied
by thermoanalytical methods under different atmospheres.
Fig. 12a shows as a representative example the thermogravi-
metric result for the reaction of SINB® in 20% G/80%

Ar. Moreover, the mass spectra signals for different gases like
N> (mle =28), CQ (mle = 44) and HO (m/e = 18) are given.

For a quantitative analysis of the MS data, pulses of 1 ml
N2 were added to the reaction gas at the beginning {200
and at the end (120@) of the thermal oxidation experi-
ments. On analysing the TG curve we observed a character-
istic increase in weight during the thermal oxidation, leading
to intermediate values much higher than expected for the
reaction 2SrNb@N + 1.5, — SpNb,O7 + Na. This weight
increase started at around 4Z5 and reached a maximum
(mass increase =5%) at roughly 6080. At higher tempera-
tures the weight decreases almost linearly to a value of 4% at
920°C. Above this temperature a sudden decrease of weight
occurs, leading to the final oxideStb,O7. The intermediate
weight gain apparently originates from the retention of bound
dinitrogen in the fully oxidised material, as confirmed by the
Raman results given above and earlier investigati8a$.

The very small weight loss between 600 and 920ndi-
cates that the intermediate dinitrogen-containing compound
has a considerable thermal stability in a temperature range
of more than 300C. For the different samples pronounced
differences in the stability ranges of the intermediates were
observed. For calcium compounds the stability of the inter-
mediate ranged from 250 to 30Q, for Sr compounds from

lution of a Lorentzian line with Gaussian broadening). The 300 to 350°C, while for Ba compounds it was in a range of
spreading of the data points mainly arises because the scat200-250'C. By analysing the online MS signals we found
tering geometries vary for the different powder samples. thatthe sharp increase in weight at about 42% accompa-
Therefore, Gaussian fits to the data are given in the samenied by a partial release of nitrogen. A very small signal for
figure as guides to the eye. It is clearly seen that the Nb- CO, indicates the presence of traces of a carbonate phase.

oxynitrides show the maximum intensity of the Keature —
and therefore presumably the highestdbncentration — at

We assume that this peak is caused by,@0Bsorbed on the
surface of the oxynitride particles. Between 610 and ‘€20
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Fig. 11. Raman analysis of CaTalbafter annealing in air at different temperatures.

the MS signal of N strongly decreases, showing that the type intermediate is released and the final oxidation product
rate of N> evolution becomes very small. In the same tem- (A2B20y) is formed.

perature regime the=N stretching mode at approximately A dramatic change in the oxidation behaviour was
vn=n = 2330 cn! was observed (vide extra), indicating that — observed for a lower oxygen partial pressiffig. 12b shows
part of the formed Nis retained within the lattice framework  the thermal oxidation of SrNbfN in 1% O,. FromFig. 12b

and interacts with the cations. Since the Raman wave numbelit can be seen that in this oxygen-poor atmosphere, the nitro-
is very similar to the one of free nitroger\ey = 2329 cntl), gen s released without passing through the intermediate state
these interactions must be rather weak. With further increaseof chemisorbed dinitrogen. It is to be noted that both the
of temperature the sharp weightloss at 960s againaccom-  starting temperature of the oxidation reaction and the temper-
panied by a peak fon/e = 28 in the MS signal. Obviously, at  ature at which the final oxide is formed are almost identical
this temperature theNhat is incorporated in the perovskite-  for the oxidation in 1 and 20% oxygen, respectively. Per-
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Fig. 12. TG/MS analysis of SrNb in oxidising atmosphere: (a) 20%,@nd (b) 1% Q. Sharp peaks in the MS signal arise from external pulses;pf N
which were added to quantify the results.
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